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ABSTRACT
A FOUR FACTOR FACTORIAL EXPERIMENT WAS CONDUCTED TO STUDY 
THE RELATIONSHIP OF PROTEIN, ENERGY, CALCIUM AND PYRIDOXINE. C R ITE R IA  
FOR THE EVALUATION OF THESE VARIABLES WERE, EGG PRODUCTION, EGG WEIGHT, 
S PEC IF IC  GRAVITY OF EGGS, FEED E FF IC IEN C Y, CARCASS COMPOSITION AND 
D IG E S T IB IL IT Y  OF PROTEIN, FAT AND CALCIUM. FOUR HUNDRED AND EIGHTY, 
IN D IV ID U ALLY  FED WHITE LEGHORN HENS WERE INVOLVED IN THIS STUDY.
The  18  PERCENT LEVEL OF PROTEIN WAS C ION!FICANTLY BETTER 
FOR EGG PRODUCTION THAN THE 15 PERCENT LEVEL. T h I S  WAS DUE IN PART 
IF NOT ENTIRELY TO THE t NTERREL ATIONSHIPS OF PROTEIN WITH CALCIUM 
AND PROTEIN WITH PYRIDOXINE. I n BOTH CASES THE HIGHER LEVEL OF 
PYRIDOXINE AND CALCIUM RESULTED IN A DEPRESSION OF EGG PRODUCTION 
ON THE 15 PER ENT PROTEIN RATIONS. TH IS  EFFECT WAS NOT OBSERVED 
ON THE 18  PERCENT PROTEIN RATIONS.
En e r g y  l e v e l  mad e  i t s  g r e a t e s t  c o n t r i b u t i o n  i n  r e d u c in g
THE DAILY FEED INTAKE AND THE FEED REQUIRED PER EGG PRODUCED.
En er gy  h a d  no  e f f e c t  on  p r o d u c t io n  bu t  t h e  1000  C a l o r ie  l e v e l  d i d  
r e s u l t  i n  in c r e a s e s  i n  egg  w e ig h t  and  egg  s p e c i f i c  g r a v i t y . T h e s e  
in c r e a s e s  were d u e  i n  p a r t  i f  n o t  e n t i r e l y  to  an e n e r g y  w i t h  
p y r i d o x i n e  i n t e r a c t i o n  on  egg w e i g h t  AND ENERGY w i t h  c a l c i u m  i n t e r ­
a c t i o n  ON EGG SPECIF IC  GRAVITY. THE FAT CONTAINED IN THE 1000
V I I I
Ca l o r i e  d i e t s  h a s  s i g n i f i c a n t l y  m ore  d i g e s t i b l e  t h a n  t h a t  c o n t a in e d  
i n  th e  8 0 0  Ca l o r i e  d i e t s . T h i s  h ig h e r  d i g e s t i a i l i t y  was  e v i d e n c e d
IN HIGHER CARCASS FAT.
T he a d d i t i o n  of  p y r i d o x i n e  to t h e  r a t i o n s  r e s u l t e d  i n  a
SIG NIFICANT REDUCTION IN EGG PRODUCTION. TH IS  REDUCTION OCCURRED 
ON THE LOWER PROTEIN LEVEL WITH NO APPARENT EFFECT ON PRODUCTION 
ON THE HIGHER PROTEIN RATIONS.
B ecause  of the  i n t e r r e l a t e d  e f f e c t s  of t h e  v a r i a b l e s  i n
THIS STUDY CARE SHOULD BE EXERCISED IN INTERPRETING THE RESULTS 
FROM ANY ONE OF THESE VARIABLES WITHOUT DUE RECOGNITION OF ITS 
INTERRELATI0N3HIPS WITH OTHER NUTRIENTS.
IX
INTRODUCTION
T he  s c ie n c e  o r  p o u l t r y  n u t r i t i o n  has  m o v e d  f r o m  an e r a  
d u r in g  w h ic h  m an y  new n u t r i e n t s  were d i s c o v e r e d  i n t o  an e r a  of the
STUDY OF THE INTERRELATIONSHIP OF THESE NUTRIENTS. DURING THE ERA 
OF NEW DISCOVERIES MOST Or THE FACTORS DISCOVERED RESULTED IN LARGE 
DIFFERENCES IN GROWTH RATE AND E FF IC IEN C Y. T H IS ,  IN TURN, RESULTED 
IN A RAPID AND TREMENDOUS GROWTH OF THE INDUSTRY. Pu iCR TO THIS 
GROWTH THE AVERAGE FLOCK SIZE WAS APPROXIMATELY OOO HENS BUT AS THE 
INDUSTRY GREW AND COMPETITION INCREASED THE FLOCK SIZE ALSO INCREASED 
TO AN AVERAGE OF 2000  TO 3 0 0 0  HENS. TODAY, AS THE INTERRELATIONSHIP 
OF NUTRIENTS IS INVESTIGATED SMALL DIFfERENCES ARE THE RESULT BUT 
DUE TO THE SIZE OF THE AVERAGE FLOCK AND OF THE TOTAL INDUSTRY 
THESE SMALL DIFFERENCES ARE OF ECONOMIC IMPORTANCE. I t SEIMS L IKELY  
THAT THE PROGRESS OF THE FUTURE WILL BE MADE UP LARGELY OF A BETTER 
UNDERSTANDING OF THE INTERRELATIONSHIP OF KNOWN FACTORS.
One p r a c t i c e , p r o b a b l y  more  t h a n  any  o t h e r ,  w h ic h  h a s  c o n ­
t r i b u t e d  TO the  i n c r e a s e d  i t e r e s t  i n  the  s t u d y  of th e  i n t e r r e l a ­
t i o n s h i p  OF NUTRIENTS 19 THE ECONOMICAL USE OF INEDIBLE ANIMAL AND 
VEGETABLE FAT8 IN RATIONS A8 SOURCES OF ENERGY WITH A SUBSEQUENT 
INCREASE IN USEFUL TOTAL DIETARY ENERGY. ONE WELL-ESTABLISHED  
EFFECT OF INCREASING THE USABLE DIETARY ENERGY LEVEL IS  A REDUCTION 
IN FEED INTAKE. DUE TO THIS EFFECT ALL NUTRIENT REQUIREMENTS, WHEN
1
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EXPRESSED AS PERCENT OR MILLIGRAMS PER POUND O f RATION ARE INFLUENCED 
BY DIETARY ENERGY LEVEL. ThE ABSOLUTE QUANTITY OF ANY NUTRIENT WHICH 
A HEN CONSUMES IS  THE PRODUCT O f FEED INTAKE AND RATION CONCENTRATION. 
A HEN’ S REQUIREMENT FOR a NUTRIENT SUCH AS PROTEIN WHICH IS  AN ABSO­
LUTE QUANTITY WILL BE SUPPLIED BY HIGH FEED INTAKE OF RATIONS LOW IN 
DIETARY ENERGY AND LOW FEED CONCENTRATION (PERCENT PROTEIN) OR BY 
REDUCED FEED INTAKE OF RATIONS HIGH IN DIETARY ENERGY AND HIGH IN 
FEED CONCENTRATION (PERCENT P R O T E IN ) .  ThE ABSOLUTE QUANTITY REQUIRED 
PER DAY BY THE HEN WILL DEPEND ON BODY S IZ E ,  RATE OF PRODUCTION AND 
ENVIRONMENT WHEREAS THE RATION CONCENTRATION WILL DEPEND ON THESE 
FACTORS PLUS FEED INTAKE. T H IS  MAKES IT D IFF IC U LT  TO CONSIDER RE­
QUIREMENT, MEANING ABSOLUTE QUANTITY OF A NUTRIENT NEEDED PER DAY, 
WHEN EXPRESSED AS RATION CONCENTRATION, EITHER AS PERCENT OR MG. PER 
POUND. I t SEEMS REASONABLE THEN THAT THE AMOUNT OF NUTRIENT ACTUALLY 
CONSUMED IS  MORE IMPORTANT THAN THE LEVEL IN THE D IET PER SE,  AND 
THAT THE CONSUMPTION OF IN D IV ID U A L NUTRIENTS DEPENDS LARGELY AND 
EN TIR ELY, IN CERTAIN CONDITIONS, ON THE ENERGY LEVEL OF THE D IE T .
T h e r e  i s  a d e f i n i t e  r e l a t i o n s h i p  b e t w e e n  d i e t a r y  f a t  and
CALCIUM DUE TO THE FORMATION OF INSOLUBLE SOAPS IN THE GUT WHICH 
RENDERS A PART OF THE CALCIUM UNAVAILABLE TO THE ANIMAL. TH IS  
FACT HAS CAUSED AN ADDED INTEREST IN CALCIUM REQUIREMENTS WHERE 
HIGH FAT RATIONS ARE USED, BECAUSE IF THE CALCIUM IS  UNAVAILABLE TO 
THE ANIMAL IT  MIGHT WELL BE L IM IT IN G  IN THE D IE T .
P y r i d o x i n e ,  b e c a u s e  i t  f u n c t i o n s  in  e n z y m e  s y s t e m s ,  e s ­
p e c i a l l y  TRANSAMINASE, IS  OF INTEREST IN HIGH PROTEIN D IE T S . I f
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D E F IC IE N T ,  PROTEIN U T IL IZ A T IO N  COULD VERY POSSIBLY BE HAMPERED.
T h 18 STUDY WAS DESIGNED TO INVESTIGATE P R IM A R ILY , THE 
RELATIONSHIP OF PROTEIN AND ENERGY BUT SINCE PYRIDOXINE AND CALCIUM 
ARE OF IMPORTANCE IN PROTEIN AND ENERGY METABOLISM, THESE VARIABLES  
WERE INCLUDED ALSO, IT  WAS INTENDED TO STUDY, IN PARTICULAR, THE 
EFFECTS OF THESE VARIABLES ON PRODUCTION, CARCASS COMPOSITION AND 
THE D IG E S T IB IL IT Y  OF PROTEIN, FAT AND CALCIUM.
REVIEW OF LITERATURE
CONSIDERABLE RESEARCH HAS BEEN CONDUCTED OVER THE YEARS 
REGARD IN6 THE NUTRITIONAL REQUIREMENTS Of THE LAYING HEN, RECENT 
DEVELOPMENTS IN THE NUTRITIONAL F IE LD  HAVE SUGGESTED THE RE-EVALUA­
TION o r  some  o r  t h e  r e q u ir e m e n t s  i n  t h e  l i g h t  o r  p r e s e n t  d a y  know­
l e d g e .  T he roLLO w iN G  r e v i e w  p r e s e n t s  some  o r  t h e  o l d e r  work as
WELL AS RECENT DEVELOPMENTS ALONG THE L INES TO BE INVESTIGATED IN 
THIS THESIS .
R e s u l t s  i n  t h e  s t u d y  o r  p r o t e i n  r e q u ir e m e n t  are v a r i e d . 
He u s e r ,  ( 1 9 1 4 )  s u g g e s t e d  t h a t  a p r o t e i n  l e v e l  o r  15 p e r c e n t  was 
m o s t  d e s i r a b l e .  Ho w e v e r ,  s i n c e  t h e  a d v e n t  o r  h i g h  e n e r g y  t y p e  d i e t s ,
THIS LEVEL OY PROTEIN HAS BEEN QUESTIONED BY MANY WORKERS. T h IS  
DOUBT SEEMS J U S T IF IE D  SINCE IT IS  KNOWN THAT AN ANIMAL WILL EAT TO 
SATISFY ITS ENERGY REQUIREMENTS* THEREFORE, ON A HIGH ENERGY TYPE 
D IE T ,  REDUCED INTAKE WOULD MEAN CURTAILED PROTEIN INTAKE. WlLCOX 
( 1 9 3 4 )  SHOWED THAT THE PROTEIN USED FOR EGG PRODUCTION CAME ENTIRELY 
FROM THE PROTEIN OF THE D IE T .  T H IS  BEING TRUE, REDUCED INTAKE ON 
HIGH ENERGY TYPE DIETS WOULD THEORETICALLY BE EXPECTED TO LOWER EGG 
PRODUCTION UNLESS, AS H lL L  £ X  (1 9 5 5 )  SUGGESTED, THE ADDITION OF
F IV E  PERCENT FAT TO A 15 PERCENT PROTEIN DIET ACTUALLY ENHANCED THE 
U T IL IZ A T IO N  OF THE PROTEIN OF THE D IE T .  THEY FOUND 15 PERCENT PROTEIN 
TO BE ADEQUATE FOR MAXIMUM EGG PRODUCTION FOR HEAVY TYPE WHITE LEG -
4
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HORNS, WHEREAS,  FOR SMALLER TYPE LEGHORNS THE OPTIMUM PROTEIN LEVEL 
WAS POUND TO BE BETWEEN 15 AND 1 6 . 5  PERCENT. THE ADDITION O f F IVE 
PERCENT FAT TO THE 15 PERCENT PROTEIN DIET D ID  NOT INCREASE THE 
PROTEIN REQUIREMENT EXPRESSED AS PERCENT OP THE DIET BUT D IE  IMPROVE 
EGG PRODUCTION. THORNTON AND CO-WORKERS ( 1 9 5 6 )  STUDIED PROTEIN 
LEVELS OF 1 1 ,  13» 15 AND 1 7  PERCENT ON A HIGH ENERGY TYPE D IE T .
Th e y  f o u n d  t h a t  p r o t l i n  l e v e l ,  w i t h i n  th e  r a n g e  t e s t e d ,  h a d  no
EFFECT ON EGG PRODUCTION, FEED EFF IC IE N C Y , OR MAINTENANCE OF BODY 
WEIGHT. EGG WEIGHT WAS REDUCED S IG NIFICANTLY AT THE 11 PERCENT 
PROTEIN LEVEL. INCIDENCE OF SMALL EGGS WAS GREATEST AT THE 11 AND 
17  PERCENT LEVELS AND LOWEST AT THE 15 PERCENT LEVEL. EFFICIENCY 
OF U T IL IZ A T IO N  OF TOTAL PROTEIN FOR EGG PRODUCTION WAS INCREA8ED AS 
PROTEIN LEVELS WERE DECREASED. TH IS  WAS PARTICULARLY NOTICEABLE 
WHEN GOING FROM 15 TO 13 PERCENT PROTEIN. T h EY CONCLUDED THAT A 
PROTEIN LEVEL AS LOW AS 13 PERCENT MAY BE ADEQUATE. T H IS  AGREES,
IN GENERAL, WITH THE WORK OF HEYWANG £ £  ( 1 9 5 5 )  »HO CONCLUDED
THAT A HIGH ENERGY DIET CONTAINING 15 PERCENT PROTEIN WAS COMPARABLE 
TO A S IM ILA R  D IET CONTAINING 15 PERCENT PROTEIN FOR EGG PRODUCTION 
IN EITHER HOT OR MODERATE WEATHER. ALSO, IN AGREEMENT ARE THE WORKS
of  Mac I n t y r e ,  ( 1 9 5 8 )  who c o m p a r e d  low  p r o t e i n  l e v e l s  of  1 2 . 9  to 1 4 .2  
PERCENT WITH NORMAL PROTEIN LEVELS OF 1 5 . 7  TO 1 7 . 5  PERCENT IN DIETS 
CONTAINING FROM 8 2 2  TO 9 0 0  CALORIES OF ENERGY. A8 A RESULT OF HIS 
WORK HE SUGGESTED THAT THE LOW PROTEIN LEVELS MAY BE MARGINAL FOR 
EGG PRODUCTION BUT, WITH PROPER BALANCE OF AMINO ACIDS, A PROTEIN 
LEVEL AS LOW AS 12  PERCENT MAY BE ADEQUATE. LOW PROTEIN RATIONS
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RESULTED IN INCREASED FEED CONSUMPTION AND DECREASED FEED EFF IC IEN C Y.
I n s h a r p  c o n t r a s t  to  t h e s e  f i n d i n g s  are  t h o s e  o f  Cl a r k ,
£1 2sk* ( 1942) .  T h e s e  w o r ke r s  f e d  a l l  m a s h  r a t i o n s  c o n t a i n i n g  13.5 
and  18.5 p e r c e n t  p r o t e i n  to Wh i t e  L eg h o r n  p u l l e t s  an d  o b t a i n e d
HIGHER PRODUCTION IN ALL LOTS WHICH WERE FED 18.5 PERCENT PROTEIN 
AS COMPARED TO THOSE LOTS RECEIVING 13*5 PERCENT PROTEIN. IN AGREE­
MENT WITH THESE FINDINGS ARE THE RESULTS OF REID k l  ^ L *  (1951) WHO 
FOUND 18 PERCENT PROTEIN TO BE SUPERIOR TO EITHER 13 OR 15 PERCENT 
PROTEIN IN HIGH ENERGY TYPE DIETS FOR EGG PRODUCTION. KINDER AND
D ay (1953) s t u d i e d  p r o t e i n  l e v e l s  of  20 and  24. p e r c e n t  an d  r e p o r t e d
THAT EGG PRODUCTION FAVORED THE 20 PERCENT D IE T S .
D i f f e r e n t  y e t  are  t h e  r e s u l t s  of Ma c I n t y r e  and  A i t k e n
(1957), McD a n i e l  £ 1  .Ak* (1959) and  Th o r n to n  £ L  A k *  (1956) who
FOUND NO EFFECTS DUE TO PROTEIN LEVEL ON EGG PRODUCTION. M lLLER 
& I ik *  (1956) CONDUCTED THREE EXPERIMENTS TO STUDY MINIMUM PROTEIN 
REQUIREMENTS AT DIFFERENT ENERGY LEVELS. PROTEIN LEVELS WERE 10,
11, 12 ,13 , 14 AND 21 PERCENT AND ENERGY LEVELS WERE 64O, 745 AND
940 CALORIES PRODUCTIVE ENERGY PER POUND OF RATION. ThE GROUPS
ON 10 AND 11 PERCENT PROTEIN AND 940 CALORIES LOST WEIGHT AND PRO­
DUCTION WAS BELOW 60 PERCENT. NO S IG N IF IC AN T DIFFERENCE IN EGG 
PRODUCTION OR BODY WEIGHT WAS OBSERVED IN  THE OTHER GROUPS. HOW­
EVER, FEED EFFICIENCY IMPROVED AS CALORIC CONTENT INCREASED.
McDa n i e l  (1957) s t u d i e d  t h e  e f f e c t s  of  e n e r g y  and
PROTEIN LEVEL ON PRODUCTION AND EFFICIENCY IN CAGED LAYERS. THESE 
WORKERS USED PROTEIN LEVELS OF 17 AND 18 PERCENT AND ENERGY LbVEL8
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o r  962 and  l 0 5 0  c a l o r i e s  p r o d u c t i v e  e n e rg y  p e r  p o u n d .  Egg p r o d u c t i o n
WAS NOT AFFECTED BY ANY RATION TREATMENTS. TH IS  INCREASE OF 38 
CALORIES OF ENERGY IN THE 17  PERCENT PROTEIN RATION PRODUCED A 1 2 . 2  
PERCENT INCREASE IN FEED EFFICIENCY AS MEASURED BY POUND8 OF FEED 
PER DOZEN EGG8. T HE SAME ENERGY INCREASE ADDED TO THE 18 PERCENT 
PROTEIN DIETS PRODUCED AN 8 . 2  PERCENT INCREASE IN E F F IC IE N C Y . IN­
CREASING THE PROTEIN LEVEL FROM 17  TO 18  PERCENT PRODUCED A SIX 
PERCENT IMPROVEMENT IN FEED EFF IC IE N C Y . BERG AND CO—WORKERS (1 9 5 7 )  
INVESTIGATED THE RELATION OF PROTEIN AND ENERGY IN THE DIET ON THE
p e r f o r m a n c e  o f  l a y i n g  h e n s .  T h e y  u s e d  e n e r g y  l e v e l s  of  1 1 0 0  and
H 5 0  CALORICS METABOLIZED ENERGY PER POUND, TESTING EACH LEVEL IN 
DIETS CONTAINING 1 4 ,  1 6 ,  AND 18  PERCENT PROTEIN. WlTK HIGH ENERGY, 
PRODUCTION WAS DEPRESSED AT THE 1 4  PERCENT PROTEIN LEVEL. PROTEIN 
LEVELS OF 16  AND 18  PERCENT PROMOTED APPRECIABLY THE SAME RATE OF 
PRODUCTION ALTHOUGH THERE WAS A TENDENCY FOR BETTER PRODUCTION ON 
THE 18  PERCENT PROTEIN RATION. THE PROTEIN EFFECT WAS NOT AS EVIDENT 
WITH THE LOW ENERGY DIETS AS WITH THOSE CONTAINING HIGH ENERGY. RaTE 
OF PRODUCTION ON THE HIGH ENERGY 18  PERCENT PROTEIN RATION WAS THE 
SAME AS FOR THE LOW ENERGY 14  PERCENT PROTEIN RATION. WITH 16  PER­
CENT PROTEIN IN THE RATION ENERGY HAD NO EFFECT. EGG WEIGHT TENDED 
TO INCREASE WITH INCREASING LEVELS OF PROTEIN AT HIGH ENERGY LEVELS.
Egg s i z e  was d e p r e s s e d  sy  t h e  14  p e r c e n t  r a t i o n  c o n t a i n i n g  t h e  lo w  
LEVEL OF ENERGY. M lL L E R , £ L  J)L* ( 1 9 5 7 )  FOUND NO EFFECT ON PRODUCTION 
DUE TO ENERGY LEVEL W ITHIN PROTEIN LEVEL.
E n e rg y  l e v e l  o f  t h e  d i e t  h a s  been  i n v e s t i g a t e d  by  many
8
w o r k e r s .  R e p r e s e n t a t i v e  or s u c h  w o rk  a re  th e  r e s u l t *  r e p o r t e d  by  
P e t e r s o n  l i  (1957). T h e se  w o r k e r s  u s e d  d i e t s  c o n t a i n i n g  660 
and 910 c a l o r i e s  p r o d u c t i v e :  e n e r g y  p e r  p o u n d .  P r o d u c t i o n  was 
s l i g h t l y  h i g h e r  on  t h e  h i g h  e n e r g y  d i e t s  t h e  f i r s t  y e a r  b u t  t h e r e  
was no d i f f e r e n c e  t h e  s e c o n d  y e a r .  F e e d  i n t a k e  mas r e d u c e d  t o
THE EXTENT OF 10 PERCENT ON THE HIGH ENERGY D IE T .  ThE PROTEIN 
LEVEL WAS NOT S P E C IF IE D . THESE RESULTS AGREE WITH THOSE OF L l L L I E ,
L I  .6k* (1952), S i n g s e n ,  L I  i k *  (1952), Ge r k y ,  R. W. (1954.) and 
Be r g ,  L I  (1956).
P e p p e r ,  L I  .6k* (1959) a n d  Or r ,  L I  .6k* (1958) i n v e s t i g a t e d
THE P 08S IB LE  EFFECT OF ENERGY LEVEL ON INTERIOR EGG QUALITY AS WELL 
AS PRODUCTION. Th EY FOUND NO EFFECT ON EGG QUALITY OR EGG PRODUCTION 
FROM ENERGY LEVEL. ANDERSON, L I  Ak* (1957) INVESTIGATED THE EFFECT 
OF ENERGY LEVEL ON EGG WEIGHT AND SHELL QUALITY. ENERGY LEVELS 
WERE 722 AND 884 CALORIES PRODUCTIVE ENERGY PER POUND. THEY OBTAINED 
THE USUAL IMPROVEMENT IN FEED EFFICIENCY BUT EGG WEIGHT WAS NOT AFFECTED 
BY ENERGY LEVEL. S PEC IF IC  GRAVITY OF THE EGGS WAS SIGN IF ICANTLY LOWER 
FOR EGGS PRODUCED ON THE HIGH ENERGY DIETS AS COMPARED TO THOSE PRO­
DUCED ON THE LOW ENERGY D IE T S . WlESE AND ASSOCIATES (1957) CONDUCTED 
S IM ILA R  8TUDIES AND FOUND ESSENTIALLY THE SAME RESULTS. S PEC IF IC  
GRAVITY OF EGGS WAS MEASURED FOR THREE PERIODS OF EIGHT WEEKS EACH.
Du r i n g  t h e  l a s t  p e r i o d  ( J un e  and  J u l y ) s p e c i f i c  g r a v i t y  o f  e g g s  p r o ­
d u c e d  ON THE HIGH ENERGY RATION WAS S IG N IF IC AN TLY  LOWER THAN THOSE 
ON THE LOW ENERGY RATION.
H i l l ,  L I  .6k* (1956) an d  H i l l ,  L I  .6k* (1954) c o n d u c t e d
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EXPERIMENTS 8TUDYING THE RELATION OF LEVEL OF DIETARY ENERGY TO 
RATE AND EFFICIENCY OF PRODUCTION. IMPROVEMENT IN EFFICIENCY 
OF PRODUCTION WAS REPORTED AND IN ADDITION, AN IMPROVEMENT IN 
RATE OF LAY DUE TO ENERGY LEVEL WAS REPORTED FOR THE WINTER MONTHS.
B a r n e s ,  £T a^ .  ( 1 9 4 4 )  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f
PROTEIN CONTENT OF THE DIET UPON FAT D IG E S T IB IL IT Y  USING RATS.
Th e y  u s e d  d i e t s  c o n t a i n i n g  14 an d  30  p e r c e n t  p r o t e i n  and  f o u n d
THAT THE LOWER PROTEIN INTAKE WAS ASSOCIATED WITH LOWER FAT D I ­
G E S T IB IL IT Y ,  ESPECIALLY WITH HYDROGENATED FATS. IT HAS BEEN 
SUGGESTED THAT A PART OF THE POOR D IG E S T IB IL IT Y  OF FAT CAN BE 
ATTRIBUTED TO LESIONS IN THE INTESTINE CAUSED BY CONTINUOUS LOW
p r o t e i n .  Ot h e r s  p o i n t  to  c a r b o h y d r a t e  c o n t e n t  o f  the  d i e t  as a
POSSIBLE INFLUENCE. For  INSTANCE, Br IGGS AND CO—WORKER8 ( 1 9 4 0 )  
NOTED THAT INCLUSION OF MOLASSES IN AN OAT OR CORN-ALFALFA D IET  
FOR LAMBS LOWERED FAT D IG E S T IB IL IT Y .  CALCIUM LIKEWISE HAS COME 
IN FOR ITS SHARE OF ATTENTION SINCE HIGH ENERGY DIETS HAVE BEEN 
USED. One  r e a s o n  i s  t h e  POSSIBLE FORMATION OF INSOLUBLE SOAPS 
IN THE INTESTINE WHICH WOULD RENDER A PART OF THE CALCIUM UN­
AVAILABLE TO THE ANIMAL. IN VIEW OF THIS  SOME WORKERS HAVE 
VIEWED REQUIREMENT LEVELS OF CALCIUM, WHICH WERE SET SOME YEARS 
AGO, WITH QUESTION. S c H A IB L E ,  ( 1 9 4 1 )  REVIEWED MINERALS IN POULTRY 
NUTRITION AND MENTIONED THE WORK OF MlTCHELL AND McCLURE, ( 1 9 3 7 )
IN WHICH THE CALCIUM REQUIREMENT WAS SET AT 0 . 7  PERCENT OF THE 
RATION. SCHAIBLE, HOWEVER, SUGGESTED THAT THIS LEVEL SHOULD BE 
M U LTIPLIED  BY 1 . 5  TO 2 . 0  FOR GROWING CHICKS AND BY 3 . 0  FOR LAYING
10
h e n s .  T h i s  i s  h i g h e r  t h a n  t h e  r e c o m m e n d a t i o n s  o r  N o r m s ,  e t  a l .  
( 1 9 3 4 ) t * H0 RECOMMENDED A LEVEL OF 1 . 3  PERCENT AS OPTIMUM. BUCKNER 
and M a r t i n  ( 1 9 2 0 )  o b s e r v e d  r e d u c e d  p r o d u c t i o n  on  r e s t r i c t e d  c a l c i u m  
INTAKE BUT L IT T L E  EFFECT ON THE CALCIUM CONTENT OF EGG SHELLS.
T i t u s  and a s s o c i a t e s  ( 1 9 3 7 )  i n  i n v e s t i g a t i n g  c a l c i u m  and p h o s ­
p h o r u s  EFFECTS ON PRODUCTION REPORTED THAT HENS PRODUCED BETTER ON 
LOW LEVEL CALCIUM ( 0 . 9 - 1 . 2  PERCENT) WHILE PULLETS PRODUCED BETTER 
ON THE HIGH LEVEL CALCIUM ( 4 . 0 5 - 5 . 4  PERCENT).
E d w a r d s ,  Dunahoo  and F u l l e p  ( 1 9 5 8 )  d e t e r m i n e d  t h e  f o l l o w ­
i n g  OPTIMUM CALCIUM LEVELS FOR GROWTH RELATIVE TO DIETARY PROTEIN 
AND CALORIE LEVEL 1 8 4 0  CAL. OR PRODUCTIVE ENERGY AND 20  PERCENT
PROTEIN REQUIRED NOT OVER 0 . 3  PERCENT; 1 0 5 0  CAL. AND 25 PERCENT 
PROTEIN REQUIRED AT LEAST 0 . 8  PERCENT} 1 2 6 0  CAL. AND 30  PERCENT 
PROTEIN REQUIRED AT LEAST 1 * 2  PERCENT. S IM ILA R  RESULTS, RELATIVELY 
SPEAKING, WERE OBTAINED BY PEPPER AND CO—WORKER8 ( 1 9 5 5 ) .  ThE IR 
RATIONS CONTAINED CONSTANT PROTEIN AND PH0SPH0RU8 LEVELS. FAT 
WAS ADDED AT 3 ,  5 ,  AND 1 0  PERCENT, AND THE CALCIUM LEVELS WERE
1 . 0  AND 1 . 2  PERCENT. RESULTS SHOWED THAT, IN THE ABSENCE OF ADDED 
FAT , ONE PERCENT CALCIUM WAS AS GOOD AS 1 . 2  PERCENT. IN THE 
PRE8ENCE OF ADDED FAT , INCREASING THE CALCIUM LEVEL RESULTED IN 
IMPROVED FEED EFFIC IEN C Y.
S a l e m  and  Re d a  ( 1 9 5 5 )  sho wed  t h a t  h i g h  c a l c i u m  i n  the
DIET OF HENS RESULTED IN LOWER CALCIUM RETENTION. J0WSEY, IT  AL. 
( 1 9 5 6 )  STUDIED THE UPTAKE OF CALCIUM BY THE LAYING HEN AND SHOWED 
THAT 6 0  PERCENT OF THE CALCIUM INGESTED WAS EXCRETED DURING THE
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2 4  HOUR BALANCE PERIOD. A LAYING HEN DEPOSITING CALCIUM IN THE 
EGG SHELL WILL OBTAIN ABOUT 35 PERCENT OF THE CALCIUM FOR THIS 
SHELL FROM FOOD IN THE GUT.
T he Na t i o n a l  Rc s e a r c h  Co u n c i l  (1954.) h as  s e t  the  c a l c iu m
REQUIREMENT FOR LAYING HEN8 AT 2 .2 5  PERCENT.
P y r i d o x i n e  and i t s  e f f e c t  on p r o d u c t io n  and  h a t c h a b i l i t y
WAS INVESTIGATED BY CRAVENS, £ 1  ( 1 9 4 3 ) .  THEY USED RATIONS CON­
TAINING 0 ,  1 . 0 ,  2 . 0 ,  3 . 0  AND 4 . 0  MG. p e r  k il o g r a m  of r a t i o n .
Egg p r o d u c t io n  c e a s e d  by the  e i g h t h  week  in  the  g r o u ps  on t h e  b a s a l
RATION BUT GROUPS RECEIVING PYRIDOXINE CONTINUED TO PRODUCE HATCH-
ABLE e g g s .  C r a v e n s ,  ( 1 9 4 6 )  d i d  a s i m i l a r  work i n v e s t i g a t i n g
THE REQUIREMENT OF PYRIDOXINE FOR LAYING AND BREEDING HENS. RATIONS 
CONTAINED 0 ,  0 . 5 ,  1 * 0 ,  1 . 5 ,  2 . 0  AND 3 . 0  MG. PER KILOGRAM OF RATION. 
T h e i r  r e s u l t s  s u g g e s t  t h a t  0 . 5  mg. p e r  m i lo g r a m  o f  r a t i o n  i s  m a r g i n a l .  
A l l  o t h e r  l e v e l s  s e r e  s u f f i c i e n t  t o  m a i n t a i n  p r o d u c t i o n .  I t  was
INTERESTING TO NOTICE THE AVERAGE PRODUCTION FIGURES FOR EACH LEVEL•
T h e y  w e r e : 0 . 0  m g . / k g .  -  2 3 . 0  p e r c e n t ;  0 . 5  m g . / k g .  -  4 5 . 0  p e r c e n t ;
1 . 0  m g . / k g .  -  6 8 * 0  p e r c e n t ;  1 . 5  m g . / k g .  -  7 8 . 0  p e r c e n t ;  2 . 0  m g . / k g .
-  6 8 . 0  p e r c e n t ;  3 . 0  m g .  / k g .  -  6 5 . 0  p e r c e n t .  The 1 . 5  » « .  p e r  k i l o ­
gram  LEVEL WAS SUPERIOR TO LOWER OR HI3HER LEVELS. ANDER80N, £ 1  A^.  
( 1 9 4 9 )  REPORTED AN EXPERIMENT IN WHICH THEY STUDIED THE IMPORTANCE 
OF PYRIDOXINE IN AMINO ACID METABOLISM. WHEN CERTAIN AMINO ACIDS 
WERE ADDED TO A PYRIDOXINE-DEFICI ENT DIET GROWTH WAS DEPRESSED, 
HOWEVER, IF  SUFFICIENT PYRIDOXINE WERE PRESENT, GROWTH WAS STIMULATED. 
The ADDITION OF METHIONINE, CYSTINE, LYS IN E , PHENYLALANINE, VALIN E ,
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ISOLEUCINE, H IS T ID IN E  OR TRYPIPHANE DEPRESSED GROWTH ON BOTH D IETS .
F u l l e r  and F i e l d  ( 1 9 5 8 )  f o u n d  th e  p y r i d o x i n e  r e q u i r e m e n t  f o r  S h i t e  
L e g h o r n  b r e e d in g  h e n s  t o  be 2 .5  m g. p e r  p o u n d  o f  r a t i o n .  T h i s  l e v e l
APPROXIMATES THE LEVEL NATURALLY OCCURRING i n  A CORN-SOY D IE T .
Th e  Na t i o n a l  R e s e a r c h  Co u n c i l  h a s  s e t  t he  r e q u ir e m e n t  fo r  
LAYING HENS AT 1 . 3  MG. PER POUND OF RATION.
I n SUMMARY MUCH OF THE RECENT WORK INDI CAT-8 THAT THE 
PROTEIN REQUIREMENT OF THE LAYING HEN IS APPROXIMATELY 17  PERCENT
t o  18  p e r c e n t .  T h i s  i s  m o s t  e v i d e n t  i n  h i g h  e n e r g y  d i e t s .  T he
PROTEIN LEVEL OF THE RATION DOES NOT GENERALLY AFFECT EFFICIENCY  
OF PRODUCTION BUT IN SOME CASES DOES AFFECT EGG S IZ E .  ENERGY 
DOES NOT AFFECT RATE OF LAY AS MARKEDLY AS IT DOES EFFICIENCY OF 
PRODUCTION. AN INTERRELATIONSHIP BETWEEN ENERGY AND CALCIUM HAS 
BEEN SUGGESTED BY MANY WORKERS. Th E CALCIUM REQUIREMENT VARIES 
TO SOME EXTENT WITH THE ENERGY LEVEL Or THE RATION BUT IS  GENERALLY 
ACCEPTED TO BE BETWEEN 2 . 0  AND 2 . 2 5  PERCENT. THE PYRIDOXINE REQUIRE­
MENT HAS BEEN ESTABLISHED AT 1 . 3  MG. PER POUND OF RATION. RESEARCH 
ON THIS  FACTOR IS QUITE L IM IT E D  BUT MOST WORKERS AGREE TH*T THE 
PRACTICAL D IE T  16 ADEQUATE IN TH IS  FACTOR.
MATERIALS AND METHODS
A FOUR rACTOR FACTORIAL DESIGN WAS USED TO STUDY THE EFFECT 
OF TWO LEVELS EACH Of  DIETARY PROTEIN,  ENERGY, CALCIUM, AND PYRIDOXINE.
T h e s e  l e v e l s  w e r e :  15 and 18 p e r c e n t  p r o t e i n .  800  and 1 0 0 0  c a l o r i e s
OF PRODUCTIVE ENERGY, 2 . 5  AND 3 . 0  PERCENT CALCIUM, AND 0  AND 6  GRAMS 
OF ADDED PYRIDOXINE PER TON OF FEED. IN THIS  DESIGN IT  13 POSSIBLE 
TO STATISTIC ALLY EVALUATE THE INDEPENDENT EFFECT OF EACH VARIABLE 
AND ALSO ANY INTERACTIONS BETWEEN THE VARIABLES. A DIAGRAM OF THIS 
DESIGN IS  PRESENTED IN TABLE I .  I t  WILL BE NOTED T H a T FROM THIS 
DESIGN THE RATI0N8 CAN BE GROUPED IN SUCH A MANNER AS THERE ARE 
EIGHT RATIONS CONTAINING EACH LE V £L OF EACH VARIABLE. IN ASSESSING 
THE RESULTS OF THE FOUR VARIABLES IN THIS STUDY, THE DATA WERE 
GROUPED FOR EACH VARIABLE SO THAT THE DATA FROM THE EIGHT RATIONS 
CONTAINING THE LOW LEVEL OF THE VARIABLE WERE COMPARED WITH THOSE 
FROM THE EIGHT RATIONS CONTAINING THE HIGH LEVEL OF THE VARIABLE.
THE MANNER IN WHICH THIS WAS ACCOMPLISHED IS ILLUSTRATED IN TABLE I .
T he  d a t a  f r o m  the  r a t i o n s  i n d i c a t e d  by p l u s  were  p o o l e d  and  co m par ed
WITH THOSE of  THE RATIONS MARKED WITH MINUS TO SECURE THE INDICATED
e f f e c t .  An a l y s i s  of  v a r i a n c e  ( S n e d e c o * ,  1 9 5 5 )  was run  on  a l l  d a t a
AND AN EXAMPLE OF THIS ANALYSIS APPEARS AT THE BOTTOM OF T aBLE XXV 
of  t h e  Ap p e n d i x .  I t  w i l l  be n o t e d  t h a t  o n l y  the  m a i n  e f f e c t s  and
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T able I
The De s ig n  o r  t h e  Study  and t h e  Gr o u p in g  A c c o r d i n g  t o  Ef f e c t s
De s ig n  _ . . .
Pr o t e in 15 per cent 18 p e r c e n t
Energy 800  CALORIES 1000 CALORIES 800 CAL0RIE8 1000  CALORIES
Ca l c iu m 2 . 5 *  3 . 0 * 2 . 5 *  3 . 0 * 2 . 5 * 3 . 0 *  2 . 5 *  3 . 0 *
Py r id o x in e 0  6  GM. 0 6  GM. 0 6  GM. 0  6  GM. 0 6 GM. 0 6  GM. 0  6  GM. 0  6  GM.
R a t i o n  Number 1 2  3 4 5 6  7  8 9 1 0 11 12 13 U  15 16
Gjngyr,iw&,Afififlflftin<i ia fifffe£T8
Pr o t e in + + + + + +
Energy + + + + — - - - + + + - - - -
Ca l c iu m + ♦ - — ■T + - - + + - - + ♦ — -
Py r id o x in e + + — + — + — + — + • + — + —
Pr o .  x Energy + + + + — — — — — — — — + +■ +
Pr o . x Ca l c iu m + + — — + + — • - — + + - — + +
Pro.  x P y r . + • + — + — + — — + - + — + — +
Energy x Ca . + + — • _ + -t* + + — — — — + +
Energy x Py r . + - + — _ + _ + + — + _ - + — +
Ca .  x P yr . * • — + + — — + + — - + + ~ — +
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THE F IR ST ORDER INTERACTIONS WEKE STUDIED. T h | 8  WAS PRIMARILY  
BECAUSE OF THE D IFF IC U LTY  IN INTERPRETING THE MORE. COMPLICATED IN­
TERACTIONS AND BECAUSE THE F IRST ORDER INTERACTIONS WERE THE ONES 
OF PRIMARY INTEREST IN TH IS  STUDY.
T he  d u r a t i o n  o f  t h e  s t u d y  was n i n e  m o n t h s  ( s t a r t i n g  i n  
Oc t o b e r  and  e n d in g  in  J u l y ) and  f o r  c o n v e n ie n c e  was d i v i d e d  i n t o
S IX  45 -D A Y  PERI DOS.
F o ur  h u n d r e d  e i g h t y  Wh i t e  L eghorn  h e n s  were u s e d  i n  the  
s t u d y .  Th e  h e n s  were k e p t  i n  i n d i v i d u a l  w ir e  c a g e s  w i t h  a d i v i d e d
FEED TROUGH so THAT IT  WAS POSSIBLE TO COLLECT NOT ONLY IN D IV ID U AL  
EGO RECORDS BUT ALSO IN D IV ID U AL FEED CONSUMPTION. THE CAGES WERE 
SO CONSTRUCTED AS TO ALLOW A DROPPING PAN TO 3E INSERTED UNDER EACH 
CAGE FOR MAKING QUANTITATIVE FECAL COLLECTIONS.
The  r a t i o n s ,  were p r a c t i c a l  corn - so y  t y p e  d i e t s  i n  w h ic h
F IS H  MEAL WAS HELD CONSTANT AND PROTEIN LEVEL WAS CHANGED BY VARYING 
THE SOYBEAN O IL  MEAL AT THE EXPENSE OF CORN MEAL. In  THE DATA CON­
TAINING 15  PERCENT PROTEIN AND 8 0 0  CALORIES OF PRODUCTIVE ENERGY 
D IE T S ,  THE ENERGY LEVEL WAS ADJUSTED BY THE ADDITION OF RICE HULLS. 
I n THE h i g h  ENERGY D IE T S , ENERGY LEVEL WAS INCREASED BY THE ADDITION 
OF MaRCOL B -7 5  ACIDULATED SOAP STOCKS, SUPPLIED BY UARCO CHEMICAL 
C om pany , F o r t  W o r t h ,  T e x a s .  C a lc iu m  l e v e l  was c h a n g e d  by v a r y i n g  
THE LEVEL OF OYSTER SHELL FLOUR. PYRIDOXINE WAS ADDED IN THE 
CRYSTALLINE FORM. THE D IETS WERE NOT ASSAYED TO DETERMINE TOTAL 
PYRIDOXINE CONTENT. THE VALUES OF T lT U S ,  < 1 9 5 5 )  WERE USED IN
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CALCULATING THE CONTENT OF THE RATIONS FOR THE INDICATED NUTRIENTS.
T he r a t i o n s  an d  t h e  c a l c u l a t e d  a n a l y s e s  a p p e a r  i n  T a b l e  I I .
At t h e  b e g i n n i n g  o f  t h e  e x p e r im e n t  and a t  4 5 - d a y  i n t e r v a l s
THEREAFTER A DIGESTION TR IAL WAS CONDUCTED USING CHROMIC OXIDE AS AN 
INDICATOR. THE CHROMIC OXIDE LEVEL IN THE FEED WAS APPROXIMATELY
0 . 2  PERCENT. The h e n s  w e r e  f e d  t h e  i n d i c a t o r  f e e d  u n t i l  t h e  i n d i ­
c a t o r  APPEARED IN THE FECES, AT WHICH TIME A 12 HOUR COLLECTION WAS 
MADE. A REPRESENTATIVE SAMPLE OF THIS COLLECTION WAS FROZEN IN ONE- 
HALF P INT ICE CREAM CARTONS FOR FUTURE ANALYSES. ALSO, A SAMPLE OF 
EACH RATION WAS COLLECTED FOR ANALYSES. A t  THE END OF EACH DIGESTION 
TRIAL THREE HENS WERE SLAUGHTERED, P IC KED , EVISERATED, WRAPPED AND 
FROZEN FOR FUTURE ANALYSES. DURING THE F IRST WEEK OF EACH PERIOD 
EGGS WERE COLLECTED. THESE WERE WEIGHED IN GRAMS AND THEN IMMERSED 
IN SALT SOLUTIONS RANGING IN SPEC IF IC  GRAVITY FROM 1 . 0 5 8  TO 1 . 1 0 2  
WITH GRADUATIONS OF 0 .0 0 4 .  TO DETERMINE THE EGG S PEC IF IC  GRAVITY WHICH 
WAS USED AS A MEASURE OF EGG SHELL QUALITY.
AT THE END OF THE EXPERIMENT, THE THREE HENS REPRESENTATIVE 
OF EACH RATION WERE PARTIALLY THAWED AND FINELY GROUND. A SAMPLE 
OF THE CARCASS OF EACH HEN WAS TAKEN AND THE THREE SAMPLES REPRESENTING 
A GIVEN RATION WERE GROUND TOGETHER THREE TIMES THROUGH A MEAT GRINDER 
IN ORDER TO MIX WELL. A SAMPLE OF THE COMPOSITE MASS WAS TAKEN FOR 
ANALYSES. L IK E W IS E , EACH FECES SAMPLE WAS THAWED AND DRIED TO CON­
STANT WEIGHT IN A FORCED DRAFT OVEN AT 65° C. THEY WERE ALLOWED TO 
COME TO EQUILIUM WITH ROOM MOISTURE AND FINELY GROUND IN A V lL E Y  M IL L .
A COMPOSITE OF THE THREE-FECES SAMPLES PER RATION WAS MADE AND A
T a b l e  I i  a 
C o m p o s i t i o n  o r  R a t i o n s
I n g r e d ie n t *
Ra t io n
1 2 3 4 5 6 7 8
So y bea n  O il  Mea l 14 14 14 14 16 16 16 16
Corn  Meal 39 39 39 39 38 38 37.5 37.5
Oats 28 28 28 28 23.5 23.5 22.5 22.5
F at 9 9 9 9
R ic e  Hu l l s 6 6 4.5 4.5 0.5 0.5 0.5 0.5
Al t a l f a  Meal 3 3 3 3 3 3 3 3
F is h  Me a l 2 2 2 2 2 2 2 2
S teamed  Bone Me a l 5 5 5 5 5 5 5 5
Oyster  Sh e ll  F lour 2 2 3.5 3.5 2 2 3.5 3.5
S alt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
V IT AMINS* 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
P y r is o x in e 300.0 MB. 300.0 MB. 300.C MS. 3 0 0 .0  MG.
CALCULATED ANALYSES
Pr o t e in 14.9 1 4 .9 14.9 1 4 .9 14.9 14.9 14.9 14.9
Energy 7 9 6 .2 7 9 6 .2 7 9 4 .6 7 9 4 .6 1018 1018 1003 1003
Ca l c iu m _______________ 2 .4 8 __ J U S . ... , . , - 2 * 0 1 ., JUS., J U ? ....... 1 *£ 1  . . 3 *2 1 .
V i t a m i n  Su p p l e m e n t  Su p p l i e d  f o l l o w i n g :
N|ACIN
R i b o f l a v i n  
P a n t o t h e n i c  Ac i e  
Ch o l i n e  Ch l o r i t e  
V i t a m i n  B i ?
Mn SQt  
V i t a m i n  A 
V i t a m i n  D,








300 I.C .U .
T ABLE I 1B
Co m p o s i t i o n  of Ra t i o n s
I n g r e d i e n t s
R a t i o n
9 10  . 11 __ 12  . . 13 _ 14_ _ . - . 15 ..... 16
S o y b e a n  O i l  Me a l 22 22 22 22 24 24 24.5 24.5
Corn  Me a l 32 32 33 33 32 32 31 31
O ats 30 30 30 30 22 22 20.5 20.5
F at 9 9 9.5 9.5
R i c e  Hu l l s 3 3 0.5 0.5
Al f a l f a  Me a l 3 3 3 3 3 3 3 3
F i s h  Me a l 2 2 2 2 2 2 2 2
S t e a m e d  Bone  Me a l 5 5 5 5 5 5 5 5
Oy s t e r  Sh e l l  Fl o u r 2 2 3.5 3.5 2 2 3.5 3.5
S alt 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
V i t a m i n s * 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
P y r i d o x i n e 300.0 mg . 300.0 MG. 300.0 MG. 300.C MG.
CALCULATED ANALYSES . . .
Pr o t e i n 1 8 .1 1 8 .1 1 8 .1 18.1 1 8 .1 1 8 .1 1 8 .1 1 8 .1
Energy 792.8 792.8 801.4 804.4 1 0 0 2 .8 1 0 0 2 .8 997.8 997.8
Ca l c i u m - . f U . . . 3 ,  <27 , I mSjL  - .. . , . 2 ^  , ---- ---------------- L Q 2 _ . L O T .
*  V i t a m i n  Su p p l e m e n t  Su p p l i e d  Fo l l o w i n g i
N iACIN 
Rf BOrLAVlN
P a n t o t h e n i c  Ac i d  
Ch o l i n e  Ch l o r i d e  
V i t a m i n  &12
MNS04 
V i t a m i n  A 
V i t a m i n  D-.








300 I.C .U .
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SAMPLE o r  THIS COMPOSITE WAS STORED IN THREE OUNCE JARS TOR ANALYSES.
N i t r o g e n  d e t e r m i n a t i o n s  s e r e  made  by  th e  c o n v e n t i o n a l  
Kj e l d a h l  m e t h o d .  P r o t e i n  was c a l c u l a t e d  to  be N x 6 .25 . F at c o n t e n t  
of t h e  t e e d  and  c a r c a s s  s a m p l e s  was d e t e r m i n e d  by  e x t r a c t i n g  for  
EIGHT HOURS WITH D I -E T H Y L  ETHER. WEIGHT LOSS WAS CONSIDERED TO BE 
f a t .  T he  f a t  of  t h e  f e c e s  was e x t r a c t e d  i n  two p o r t i o n s . F i r s t ,
THE FREE FAT OF THE SAMPLES WAS EXTRACTED FOR EIGHT HOURS WITH D I ­
ETHYL e t h e r .  T hen  the  s a m p l e s  were  a l l o w e d  to  s t a n d  for  two hours
IN A 10 PERCENT MIXTURE OF GLACIAL ACETIC ACID IN DI -ETHYL ETHER,
( C a r r o l l ,  1 9 5 7 ) .  Af t e r  t h i s  d i g e s t i o n  p e r i o d  i n  w h i c h  t h e  e t h e r -  
i n s o l u b l e  s o a p s  were  h y d r o l y z e d  t h e  r e l e a s e d  f a t t y  a c i d s  were t h e n  
e x t r a c t e d  f o r  s i x  hou rs  u s i n g  t h e  same  g l a c i a l  a c e t i c  a c i d - d i - e t h y l
ETHER MIXTURE. ThlS DIGESTION AND EXTRACTION PROCEDURE WAS REPEATED 
THREE TIMES IN ORDER TO EXTRACT ALL THE FAT EXISTING AS SOAPS. CAL­
CIUM CONTENT OF THE SAMPLES (F LE D ,  FECES AND CARCASS) WAS DETERMINED 
BY FIRST ASHING THE SAMPLES IN A MUFFLE FURNACE FOR 12 HOURS AT 600° 
C. THEN THE PROCEDURE OUTLINED A.O.A.C. 1955, PAGE 378-379, WAS 
FOLLOWED. THE METHOD OF CHROMIC OXIDE DETERMINATION WAS REPORTED
by  K i m u r a  and  M i l l e r ,  (1957). By t h i s  m e t h o d ,  w h i c h  i s  a r a p i d
METHOD, THE AUTHORS REPORTED A RECOVERY, IN ALL BUT ONE SAMPLE, OF 
FROM 99 TO 100 PERCENT OF KNOWN AMOUNTS OF CHROMIC OXIDE.  IN THE 
ONE EXCEPTION RECOVERY WAS 98 PERCENT. I t  INVOLVES HEATING THE 
SAMPLE IN N IT R IC  ACID UNTIL  THE N IT RIC  ACID WAS REDUCED TO APPROXI­
MATELY ONE HALF VOLUME. THEN PERCHLORIC ACID WAS ADDED AND THE 
SAMPLE HEATED UNTIL  THE OXIDATION WAS COMPLETE. I T WAS THEN DILUTED
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AND COMPARED I I T H  A STANDARD SOLUTION OF POTASSIUM DICHROMATE USING
a Be c k m a n  m o d e l  D .  U .  Sp e c t r o p h o t o m e t e r .
RESULTS AND DISCUSSION 
T h e  d i s c u s s i o n  of  t h e  v a r i o u s  r a t i o n  e f f e c t s  s i l l  be t a k e n
UP ACCORDING TO THE VARIOUS 088CRV ABLE8.
Pr o d u c t i o n  STVPIE g  
Egg  P r o d u c t i o n i
T he egg p r o d u c t i o n  d a t a  fo r  e a c h  r a t i o n  and  p e r i o d  along  
WITH THE STATISTICAL  ANALYSIS APPEAR IN TABLE XXV OF THE APPENDIX.
In  T a b l e  I I I  the  mean  p r o d u c t i o n  d a t a  f o r  b o t h  l e v e l s  of  e a c h
VARIABLE APPEAR.
T ABLE I I I
Me a n  Egg P r o d u c t i o n  Da t a  f o r  E ach V a r i a b l e




7 5 .8 *
800  Ca l . 
7 4 .6
1000  C a l . 
7 4 .5
C alc  i u u PYRIDOXINE
2.5%





6  g . / t o n  added 
7 3 .6 * *
1 =  EGG PRODUCTION EXPRESSED AS % ON A HEN DAY BASIS
*  -  S IGNIF IC ANT AT THE 5% LEVEL OF PROBABILITY
* *  -  SIGNIF IC ANT AT THE 1% LEVEL OF PROBABILITY
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Each  mean v a l u e  r e p r e s e n t s  e i g h t  r a t i o n s  as d e s c r i b e d  i n  t h e  M a t e r i a l s  
and  M e t h o d s  s e c t i o n .  I t s i l l  be n o t e d  t h a t  t h e r e  was a s i g n i f i c a n t  
i m p r o v e m e n t  i n  egg p r o d u c t i o n  o n  t h e  18 p e r c e n t  p r o t e i n  d i e t .  F u r t h e r  
INSPECTION OF t h e  STAT IS T IC AL ANALYSES REVEALS THAT THERE WAS A S I G N I ­
FICANT PROTEIN X CALCIUM INTERACTION AND A SIGNIF IC ANT PROTEIN X 
PYRIDOXINE INTERACTION. THE PROTEIN X CALCIUM INTERACTION DATA ARE 
PRESENTED IN TaBLE IV .
T ABLE IV
T he  R e l a t i o n s h i p  of  Pr o t e i n  and  C a l c i u m  on 
Egg P r o d u c t i o n
P r o t e i n  L e v e l s  C a l c i u m  L e v e l s
15 p e r c e n t  2.5%  3.0%
7 6 .4  7 0 .3
1 *  . E R C M T  7 6> ,  7 5 .0
I t  s i l l  be n o t e d  t h a t  egg p r o d u c t i o n  s a s  e s s e n t i a l l y  the
SAME ON THE 15 PERCENT PROTEIN AND 2 .5  PERCENT CALCIUM AND ON THE 
18 PERCENT PROTEIN RATIONS AT BOTH CALCIUM LEVELS.  THE LOSER EGG 
PRODUCTION ON THE 15 PERCENT PROTEIN RATIONS APPEAR8 TO BE DUE TO 
A GREAT EXTENT TO THE POOR PERFORMANCE OF THE HENS FED THE 15 PER­
CENT PROTEIN AND 3 .0  PERCENT CALCIUM RATIONS. IT IS D IF F IC U LT  TO 
UNDERSTAND SHY THE HIGHER CALCIUM LEVEL OF THE 15 PERCENT PROTEIN 
RATIONS RESULTED IN SUBOPTIMUM PRODUCTION.
Al s o  i n v o l v e d  i n  the  o v e r a l l  e f f e c t  of  p r o t e i n  l e v e l  on
EGG PRODUCTION IN  THESE STUDIES SAS AN INTERRELATIONSHIP BETSEEN
23
PROTEIN AND P YRI COX INE. TABLE V PRESENTS THE AVERAGE PRODUCTION 
FIGURES FOR THE RATIONS CONTAINING THE TWO LEVELS OF PROTEIN AND 
PYRI COX IN E .
T a b l e  V
T he  Re l a t i o n s h i p  of P r o t e i n  and  Py r i d o x i n e  
on £ gg P r o d u c t i o n
P r o t e i n  L e v e l s None  Ad d e d 6 Gram s  p e r  T on Ad d e d
15
18
p e r c e n t
p e r c e n t
7 5 . 5
7 5 . 5
7 1 . 2
76.0
I t s i l l  be n o t e d  t h a t  t h e  a d d i t i o n  o f  p y r i d o x i n e  t o  t h e
RATIONS CONTAINING 15 PERCENT PROTEIN RESULTED IN DECREASED EGG 
PRODUCTION. T he PRODUCTION on  THE RATIONS CONTAINING 15 PERCENT 
PROTEIN AND NO ADDED PYRIDOXINE AND THE 18  PERCENT PROTEIN RATIONS 
WITH AND WITHOUT ADDED PYRIDOXINE WAS ESSENTIALLY THE SAME. THUS 
IT  WILL. BE OBSERVED THAT THE CALCIUM CONTENT OF THE RATION AND THE 
ADDITION OF PYRIDOXINE TO RATIONS INFLUENCE THE RESPONSE OF THE 
BIRDS TO THE PROTEIN OF THE RATION. THUS IT APPEARS THAT THESE TWO 
INTERRELATIONSHIPS MAY ACCOUNT FOR A PART OF THE APPARENT PROTEIN 
EFFECT. THE RESPONSE TO PROTEIN SEEMS TO BE DEPENDENT ON THE CAL­
CIUM AND PYRIDOXINE CONTENTS OF THE RATION AS WELL AS TO THE LEVEL 
OF PROTEIN ALONE.
Egg p r o d u c t i o n  does  not  s eem  to be a f f e c t e d  by the  en e r g y
LEVELS USED IN THIS STUDY.
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C a l c i u m  and p y r i d o x i n e  a d d i t i o n s  r e s u l t e d  i n  s i g n i f i c a n t
DECREASES IN EGG PRODUCTION AS WILL BE OBSERVED FROM AN EXAMINATION
of  T a b l e  M l .  Th e s e  e f f e c t s  can  be e x p l a i n e d ,  at l e a s t  i n  p a r t ,
BY THE INTERRELATIONSHIP WITH PROTEIN DISCUSSED ABOVE. THE REDUC­
TION IN PRODUCTION WITH BOTH PYRIDOXINE AND CALCIUM OCCURRED WHEN 
THE HIGHER LEVEL OF EACH OF THE NUTRIENTS WAS INCLUDED IN THE 15 
PERCENT PROTEIN RATIONS. THESE INTERACTIONS DO NOT NECESSARILY 
EL IMINATE THE P O S S I B IL I T Y  THAT THE LEVEL OF THE RESPECTIVE NUTRIENT 
IS AN IMPORTANT FACTOR IN THE OBSERVED RESULTS BUT DO EMPHASIZE 
THE FACT THAT THE EXPRESSION OF THE EFFECTS OF THESE TWO NUTRIENTS 
IS DUE IN PART TO THEIR COMPLIMENTARY EFFECTS WITH PROTEIN.
££& W6ISHT*
T he  egg w e i g h t  d a t a  for  each  r a t i o n  f or  ea c h  p e r i o d  along  
WITH THE STATIS T IC AL  ANALYSES APPEAR IN T a BLE XXVI OF THE APPENDIX.
T he m ea n  egg w e i g h t s  for  ea c h  l e v e l  of e a c h  v a r i a b l e  a p p e a r  in  
T ABLE V I .
T a b l e  V I
Me a n  Egg We i g h t s  f o r  E ach  of  the  Ma i n  V a r i a b l e s
P r o t e i n En er g y
15* 1 8 * 800 C a l . 1 0 0 0  C a l .
59 .41 59.2 58.3 6 0 .3 **
C alc  iu m PYRID0XINE
2 .5 * 3 .0 * 0  added 6  g . / ton  added
59.3 59.3 58.8 59 .8 **
1 = WEIGHTS ARE GIVEN IN GRAMS PER EGG 
* *  -  SIGNIF IC ANT AT THE 1 *  LEVEL OF PROBABILITY
I t w i l l  be n o t e d  t h a t  t he  h e n s  c o n s u m i n g  t he  1 0 0 0  CALORIE r a t i o n s  
p r o d u c e d  s i g n i f i c a n t l y  h e a v i e r  eg gs  t h a n  th ose  c o n s u m i n g  t he  80 0
CALORIE RATIONS. T h IS OBSERVATION DOES NOT AGREE WITH THE WORK OF
An d e r s o n ,  ( 1 9 5 7 )  who f o u n d  t h a t  egg  w e i g h t  was not  a f f e c t e d
BY ENERGY LEVEL.  T he  ADDITION OF THE PYRIDOXINE ALSO RESULTED IN 
A SIG NIF IC ANT INCREASE IN EGG WEIGHT. T h E INCREA8E IN EGG WEIGHT 
WITH THE HIGHER ENERGY LEVELS MIGHT BE DUE TO LARGE AMOUNTS OF FAT 
BEING DEPOSITED IN THE EGG. T he  INCREASE IN WEIGHT DUE TO INCREASING 
THE PYRIDOXINE LEVEL IS NOT READILY EXPLAINED, T h E INTERRELATION­
SHIP OF THESE TWO NUTRIENTS AS THEY AFFECTED EGG WEIGHT WAS S I G N I ­
F IC ANT.  T he  m e a n  egg w e i g h t s  i l l u s t r a t i n g  t h i s  r e l a t i o n s h i p  i s  
PRESENTED IN TABLE V I I .
T ABLE V I I
T he  R e l a t i o n s h i p  of P y r i d o x i n e  and  E n erg y  i n  
Af f e c t i n g  Egg  We i g h t
P y r i d o x i n e  L e v e l s  8 0 0  C a l . E n er gy  L e v e l s  1 0 0 0  C a l .
0  Gra m s  5 7 . 3  6 0 . 4
6  Gr a m s  5 9 . 5  6 0 . 3
T he  a d d i t i o n  of  p y r i d o x i n e  to t h e  1 0 0 0  C a l o r i e  r a t i o n s
D ID  NOT AFFECT EGG WEIGHT. THE ADDITION OF PYRIDOXINE TO THE 800
C a l o r i e  r a t i o n s  r e s u l t e d  i n  an egg  w e i g h t  w h i c h  was i n t e r m e d i a t e  
BETWEEN THOSE OBTAINED ON THE 1 0 0 0  C aL O R U  RATIONS AND THOSE OF THE 
HEN8 FED THE RATIONS CONTAINING 8 0 0  CaLORIES AND NO ADDED PYRIDOXINE.
T h e  p h y s i o l o g i c a l  a s p e c t s  of  t h i s  r e l a t i o n s h i p  are not  r e a d i l y
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APP ARENT.
En e r g y  and  c a l c i j m  were: al s o  f o u n d  to  be i n t e r r e l a t e d  i n
THEIR EFFECT ON EGG ■EIG HT.  T h IS  RELATIONSHIP 13 DEMONSTRATED BY 
THE MEAN EGG WEIGHTS PRESENTED IN TABLE V i  I I .
T a b l e  V i  I I
T he  Re l a t i o n s h i p  of C a l c i u m  and P y r i d o x i n e  i n  
Af f e c t i n g  Egg We i g h t
C a l c i u m  L e v e l s  3 0 0  C a l .  E n e r g y  L e v e l s  100 0  Ca l .
2 . 5  p e r c e n t  5 8 . 1  grams  6 0 . 6  g ra m s
3 . 0  p e r c e n t  5 8 . 7  6 0 . 2
T h i s  r e l a t i o n s h i p  m i g h t  be  e x p l a i n e d  by t h e  f o r m a t i o n  of  i n s o l u b l e  
c a l c i u m  s o a p s  r e n d e r i n g  r e l a t i v e l y  more of the  c a l c i u m  u n a v a i l a b l e
IN THE PRESENCE OF THE HIGHER AMOUNTS OF FAT WHILE THE INCREA8E 
OF THE CALCIUM ON THE LOWER FAT DIETS DID  NOT RESULT IN AN INCREASED 
FORMATION OF INSOLUBLE SOAPS. ALTHOUGH THIS INTERRELAT IONSHIP IS 
STATIS T IC ALLY S IG N IF IC A N T ,  THE DIFFERENCES GIV ING RISE TO THE 
INTERACTION ARE QUITE SMALL AND MAY BE OF DOUBTFUL IMPORTANCE.
A l t h o u g h  p r o t e i n  and c a l c i u m  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  
EGG WEIGHT, PROTEIN AND CALCIUM AND PROTEIN AND PYRIDOXINE WERE FOUND 
TO BE S IGNIF IC ANTLY INTERRELATED IN THEIR EFFECT ON EGG WEIGHT. As 
WAS THE CASE WITH THE ENERGY-C ALC |(JM INTERACTION THE DIFFERENCES 
ARE QUITE SMALL AND OF DOUBTFUL ECONOMIC IMPORTANCE. THESE TWO 
INTERACTIONS ARE ILLUSTRATED BY THE MEAN EGG WEIGHTS APPEARING IN
T a b l e  IX.
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T a b l e  IX
T he I n t e r r e l a t i o n s h i p  of P r o t e i n  w i t h  C a l c i u m  
a n d  P y r i d o x i n e  i n  Af f e c t i n g  Egg We i g h t
P r o t e i n  L e v e l
C a l c i u m  L e v e l  2 .5 %
3 .0%
15%
5 9 . 9  GRAMS 
5 9 . 2
18% 
5 9 . 0  GRAMS
5 9 . 5
P y r i d o x i n e  L e v e l  0  a dd ed
6  g . / ton  ad ded
5 9 . 0
5 9 . 9
5 8 . 6
5 9 . 9
Sp e c i f i c  Gr a v i t y :
One of t h e  m e a s u r e s  of  egg s h e l l  q u l i t y  t h at  has  b e e n
USED 18 THE SPECIF IC  GRAVITY OF THE EGG, ROMANOFF ( 1 9 4 9 ) ,  POSTULATES 
THAT 9 0  PERCENT OF THE SPECIF IC  GRAVITY OF THE EGG IS DUE TO THE 
SHELL.  The DATA on  T H I£  OBSERVABLE AND THE STATIS TIC AL ANALYSES 
ARE PRESENTED IN TaBLE XXV I I OF THE APPENDIX.  ThE MEAN EGG SPECIF IC 
GRAVIT IES FOR EACH LEVEL OF EACH VARIABLE IS PRESENTED IN TaBLE X.
DUE TO INCREASING THE ENERGY CONTENT OF THE RATIONS, I n THE PREVIOUS 
SECTION IT SAS NOTED THAT AN INCREASE IN EGG WEIGHT RESULTED FROM 
AN INCREASE IN RATION ENERGY CONTENT. APPARENTLY A PART OF THIS  
INCREA8E IN EGG WEIGHT IS DUE TO AN INCREASE IN THE AMOUNT OF EGG
s h e l l .  I n c r e a s i n g  the  c a l c i u m  l e v e l  of the  r a t i o n  r e s u l t e d  i n  a
HIGHLY 8 I 3 N I F I C A N T  INCREASE IN EGG 8PE C IF IC  GRAVITY.  S lNCE THE 
EGG SHELL IS COMPOSED PRIMARILY OF CALCIUM CARBONATE, TH IS  IS NOT
s u r p r i s i n g .  C a l c i u m  was f o u n d  to  be r e l a t e d  to  e n e r g y  i n  i t s  e f f e c t
T h e r e  was a s i g n i f i c a n t  i n c r e a s e  i n  egg s p e c i f i c  g r a v i t y
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TABLE X
Me a n  Egg Sp e c i f i c  Gr a v i t i e s  f o r  E ach of  t h e  
Ma i n  V a r i  a b l e s
P r o t e i n Energy
1 5 *  18% 8 0 0  C a l . 1000  C a l .
1 . 0 8 1 9  1 . 0 8 2 0 1 . 0 8 1 7 1 . 0 8 2 3 *
C AL C 1 UM P y r i d o x i n e
2 . 5 *  3 . 0 * 0 add ed 6  g . / ton  added
1 .0 8 1 1  1 . 0 8 2 8 * * 1 . 0 8 1 9 1 . 0 8 2 0
*  -  s i g n i f i c a n t  at the  5 *  l e v e l  of  p r o b a b i l i t y
* *  -  S IG NIF IC ANT AT THE 1 *  LEVEL OF PROBABILITY
ON EGG SPECIF IC  GRAVITY IN TABLE X t.
T a b l e  X I
T he Re l a t i o n s h i p  of  C a l c i u m  and  En er g y  on  the  
Sp e c i f i c  Gr a v i t y  of Eggs
C a l c i u m  L e v e l s  8 0 0  C a l .  E n er g y  L e v e l s  1000  C a l .
2 . 5  p e r c e n t  1 . 0 8 1 3  1 . 0 8 0 9
3 . 0  p e r c e n t  1.0820 1 . 0 8 3 7
T h e s e  r e s u l t s  are  s u r p r i s i n g  when  the  d i s c u s s i o n  i n  t h e  p r e v i o u s
SECTION CONCERNING EGG WEIGHT IS CONSIDERED. I f THE EGG SPECIF IC  
GRAVITY IS  ACTUALLY MEASURING THE AMOUNT OF EGG SHELL,  LARGE AMOUNTS 
OF CALCIUM ARE BEING DEPOSITED IN THE EGG SHELLS FROM THE HENS FED 
THE HIGHER ENERGY AND HIGHER CALCIUM RATIONS. T h E EGG WEIGHT DATA 
WOULD SUGGEST THAT THE REVERSE IS TRUE. I f INSOLUBLE SOAPS ARE 
BEING FORMED ON THESE RATIONS, THEN THE HENS WOULD HAVE TO USE
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CALCIUM FROM THE BODY STORES TO FORM THE EGG SHELLS.  T he  CARCASS 
ANALYSES DATA SUGGEST THIS P O S S IB IL IT Y  ALSO AS S IL L  BE POINTED OUT 
LATER. THE PHYSIOLOGICAL MECHANISMS INVOLVED IN A SITUATION SUCH 
AS THIS ARE NOT READILY EVIDENT,  HOWEVER. THERE WAS A S IGNIF ICANT  
REDUCTION IN THE NUMBER OF EGGS PRODUCED BY HENS FED THE 3 . 0  CAL­
CIUM RATIONS AND THIS COULD RESULT IN IMPROVED SHELL QUALITY SINCE 
INTENSITY OF PRODUCTION AND EGG SHELL QUALITY ARE INVERSELY RELATED.
f lA lLI  L ^ £  im s & i
T he  d a i l y  f e e d  i n t a k e  f i g u r e s  fo r  ea c h  r a t i o n  and  eac h  
p e r i o d  a p p e a r  i n  T ab le  XXVIII of t h e  Ap p e n d i x  along  w i t h  t h e
STATIST ICAL ANALYSIS,  THE AVERAGE DAILY TEED INTAKES FOR EACH 
LEVEL OF EACH VARIABLE ARE PRESENTED IN T a BLE X I I .
TABLE X I  I
Mea n  D a i l y  F e e d  I n t a k e s  f o r  E ach  of t h e  
V a r i  a s l e s
Pr o t e i n  En er gy
15% 18% 8 0 0  Ca l . 1 0 0 0  C a l .
1 1 9 1 123 13C 1 1 2 * *
C a l c i u m  P y r i d o x i n e
2 .5 %  3 .0%  0  add ed  6  g . / ton  added
122 120 1 22 1 20
1 -  Gra m s  of  f e e d  p e r  h en  p e r  d a y
* *  -  S i g n i f i c a n t  at  t h e  1% l e v e l  of  p r o b a b i l i t y
T he  o n l y  f a c t o r  s i g n i f i c a n t l y  a f f e c t i n g  d a i l y  f e e d  i n t a k e  was the
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ENERGY CONTENT OF THE RATION. ThE INCREASE IN ENERGY FROM 800 
C a l o r i e s  t o  1 0 0 0  C a l o r i e s  p e r  p o u n d  o f  r a t i o n  r e s u l t e d  i n  a 
DECREASE OF 1 3 . 9  PERCENT IN DAILY FEED INTAKE. IT NAS OF INTEREST 
TO CALCULATE THE INTAKE OF CERTAIN NUTRIENTS IN THE LIGHT OF THIS 
REDUCTION IN DAILY  FEED INTAKE. THE PROTEIN INTAKE ON THE 8 0 0
C a l o r i e  r a t i o n  v a r i e d  f r o m  1 8 .9  t o  24.1 g r a m s  p e r  d a y .  The p r o t e i n  
INTAKE ON THE 1000 CALORIE RATIONS VARIED FROM 1 6 .8  TO 2 0 .2  GRAMS 
PER DAY. The AVERAGE DAILY INTAKE OF PROTEIN ON THE 15% PROTEIN 
RATIONS MAS 17 .1  GRAMS PER DAY AND ON THE 18% PROTEIN RATIONS MAS
2 2 . 1  GRAMS PER DAY. SlNCE THE HIGHER PROTEIN RATIONS SUPPORTED 
GREATER EGG PRODUCTION, IT  18 POSSIBLE THAT THE 1 7 . 1  GRAMS PROTEIN 
INTAKE PER DAY IS A MARGINAL FIGURE.
The  e n e r g y  i n t a k e  p e r  d a y  f o r  t h e  h e n s  f e d  t h e  800 C a l o r i e  
r a t i o n s  mas 229  C a l o r i e s  o f  p r o d u c t i v e  e n e r g y .  E ven  t h o u g h  t h e r e  
MAS A 1 3 .9 $  REDUCTION IN DAILY FEED INTAKE ON THE 1000 CALORIE RATIONS, 
THE DAILY ENERGY INTAKE MAS 2 4 6  CALORIES.  As MILL  BE POINTED OUT 
LATER THIS INCREASED ENERGY INTAKE RESULTED IN AN INCREASE IN THE 
CARCASS FAT CONTENT.
T he  d a i l y  c a l c i u m  i n t a k e  on  t h e  2 . 5  p e r c e n t  r a t i o n s  mas
3 . 1  g ra m s  f o r  t h e  8 0 0  C a l o r i e  r a t i o n s  and 2 . 8  f o r  t h e  1 0 0 0  C a l o r i e  
r a t i o n s .  The d a i l y  i n t a k e  on  t h e  3 . 0  p e r c e n t  c a l c i u m  r a t i o n s  mas
4 . 0  g r a m s  r 0R t h e  8 0 0  C a l o r i e  r a t i o n s  and 3 . 7  g r a m s  o n  t h e  1 0 0 0  
C a l o r i e  r a t i o n s .  T h e s e  d i f f e r e n c e s  i n  d a i l y  c a l c i u m  i n t a k e  do  n o t
ACCOUNT f o r  THE CALOlUM INTERRELATIONSHIP OBSERVED PREVIOUSLY.  T hUS 
I T  IS APPARENT THAT THE PRIMARY EFFECT OF INCREASING THE ENERGY
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CONTENT OF THE RATION 18 TO REDUCE DAILY FEED INTAKE. V IT H THE 
POSSIBLE EXCEPTION OF PROTEIN THE D A I l Y INTAKE OF THE NUTRIENTS 
APPEARED TO BE ADEQUATE IN THESE STUDIES.  Th E S IGNIF ICANT RESPONSE 
TO THE INCREASED PROTEIN CONTENT OF THE RATION AS FAR AS EGG PRO­
DUCTION BAS CONCERNED MIGHT INDICATE THAT THE PROTEIN INTAKE ON 
THE LOWER PROTEIN RATIONS WAS MARGINAL ESPECIALLY SINCE THE 
CARCASS PROTEIN CONTENT WAS NOT AFFECTED.
£ & & £  E r r i c i E N C T i
The f e e d  i n t a k e  p e r  egg d a t a  f o r  ea ch  o f  t h e  r a t i o n s  f o r  
EACH PERIOD ARE FOUND IN TABLE XXIX OF THE APPENDIX.  THERE WAS A 
SIGNIF IC ANT REDUCTION OF 1 2 .9  PERCENT ON THE FEED CONSUMED PER EGG 
PRODUCED ON THE 1000 Ca LORIE RATIONS AS COMPARED TO THAT OF THE 
800 C a l o r i e  r a t i o n s .
T a b l e  X I I  I
Mean  F e e d  I n t a k e  p e r  Egg  for  E ach of  the  
V a r i  a b l e s
P r o t e i n En erg y
18*
1 7 3 .6
800  Ca l . 
186.6
1 0 0 0  C a l .  
1 6 2 .5 * *
C a l c i u m P y r i d o x i n e
6  G . /TO N  ADDED
1 7 6 .7
2 . 5 *  3 .0 *
1 7 1 .0  1 7 8 .1 * *
0  ADDED
1 7 2 .3
-  V a l u e s  are e x p r e s s e d  i n  gra ms  p e r  e b b
* *  -  S i g n i f i c a n t  at t he  1 *  l e v e l  of  p r o b a b i l i t y
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T h i s  r e d u c t i o n  i s  o r  e s s e n t i a l l y  t h e  same m a g n i t u d e  as t h e  r e d u c t i o n
IN DAILY FEED INTAKE ON THESE RATIONS. I t WOULD APPEAR THAT THI8
APPARENT IMPROVEMENT IN FEED EFFICIENCY IS COMPLETELY EXPLAINED BY
THE REDUCED DAILY FEED INTAKE WITHOUT A CORRESPONDING REDUCTION IN 
EGG PRODUCTION.
The  DECREASE IN FEED EFFICIENCY DUE TO INCREASING THE 
CALCIUM CONTENT OF THE RATION CAN BE EXPLAINED ON THE BASIS OF THE 
REDUCED EGG PRODUCTION ON THE HIGH CALCIUM RATI0N8 WITHOUT A
CORRESPONDING CHANGE IN DAILY FEED INTAKE.
IQN QL £ARfiA&a 2&L&
Pft9TfclH;
Av e r a g e  v a l u e s  f or  c a r c a s s  p r o t e i n  w i t h  s t a t i s t i c a l  
a n a l y s i s  a p p e a r  i n  T a b l e  XXX of  the  Ap p e n d i x .  R a t i o n s  h a d  no s i g n i ­
f i c a n t  e f f e c t  on  c a r c a s s  p r o t e i n  c o n t e n t  but  i t  i s  i n t e r e s t i n g  to
NOTICE THAT EVEN THOUGH THERE WAS NO TOTAL RATION EFFECT,  ENERGY 
EFFECT WAS HIGHLY S IG N IF IC A N T .  T he  EFFECT DUE TO PERIOD WAS HIGHLY 
SIG N IF IC AN T BUT AS CAN BE SEEN FROM THE TABLE NO TREND WAS ESTABLISHED.
f a x *
T a b l e  XXXI of  th e  Ap p e n d i x  c o n t a i n s  t h e  a n a l y s i s  for
CARCASS F A T ,  AND ALSO THE STATISTIC AL ANALYSIS.  RATION EFFECT WAS 
HIGHLY S IG N IF IC AN T BUT THIS SEEMED TO BE MADE UP ALMOST ENTIRELY 
OF THE ENERGY EFFECT. TaBLE XIV SHOWS THE ENERGY EFFECT ON FAT 
CONTENT. AS WAS SUGGESTED PREVIOUSLY, THE INCREASED FAT CONTENT 
OF THE CARCASS 18 PROBABLY DUE TO THE HIGHER ENERGY INTAKE ON THE
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10 00  C a l o r i e  r a t i o n s .
T a b l e  XIV
C a r c a s s  F at  as  Af f e c t e d  by En erg y  L e v e l
En e r g y  L e v e ls  800 C a l o r i e s  1000 Ca l o r i e s
F at Co n t e n t  4 3 . 1 %  50 .1 %
The  p e r i o d  e f f e c t  on f a t  c o n te n t  v a s  s i g n i f i c a n t  but  as i n  the
CASE OF PROTEIN THERE VAS NO TREND.
C ALC-l-UM I
In T a b l e  XXXII of  the  Ap p e n d i x  i s  p r e s e n t e d  th e  c a r c a s s
CALCIUM DATA VITH ACCOMPANYING STATISTICAL ANALYSIS.  THE S I G N I ­
FICANCE OF THE EFFECTS DUE TO RATION IS MADE UP BY THE ENERGY 
EFFECT AND ALSO BY A PROTEIN AND PYRIDOXINE INTERACTION. THESE 
DATA ARE PRESENTED IN TABLES XV AND XVI.
T a b l e  XV
T he Ef f e c t  o f  E ner gy  on C ar cas s  C a l c i u m
En e r g y  L e v e l s  800 C a l o r i e s  1000 Ca l o r i e s
C a l c i u m  Co n t e n t  3.5%  2.9%
T h I 8 IS A COMPARISON OF THE EFFECTS OF ALL RATIONS CONTAINING 800
C a l o r i e s  of  en e r g y  w i t h  th o se  c o n t a i n i n g  1000 C a l o r i e s  on  c a l c i u m
CONTENT OF CARCASS. T h E REDUCTION IN CALCIUM CONTENT OF CARCASS
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FROM DIETS CONTAINING 1 0 0 0  Ca l ORIES OF ENERGY WAS HIGHLY S IG N IF IC A N T .
As WAS SUGGESTED IN THE DISCUSSION OF THE EGG SPECIFIC 
GRAVITY,  IT IS POSSIBLE THAT THE FORMATION OF INSOLUBLE CALCIUM SOAPS 
ON THE HIGH ENERGY RATIONS RESULTED IN IN SUFMCIENT CALCIUM ABSORP­
TION AND A SUBSEQUENT DEPLETION OF THE CALCIUM CONTENT OF THE CARCASS 
OF THE BIRDS FED THE 100 0  CALORIE RATIONS WOULD TEND TO SUBSTANTIATE 
THIS POSTULATION.
The  i n t e r a c t i o n  of  p r o t e i n  and  p y r i d o x i n e  i s  p r e s e n t e d  
i n  T a b l e  X V \ .
T a b l e  XVI
T he  Re l a t i o n s h i p  of  P r o t e i n  and  P y r i d o x i n e  on 
C ar c a s s  C a l c i u m
Pr o t e i n  L e v e l s  P y r i d o x i n e  L e v e l s
0 ADDED 6 G . / l O N  ADDED
155fi 3.256 3.156
1856 2.956 3.056
f l T H t N  THE 15 PERCENT LEVEL THERE WAS A REDUCTION IN CALCIUM 
CONTENT WHEN PYRIDOXINE WAS ADDED TO THE D IE T S .  BUT ADDED PYRIDOXINE 
INCREASED THE CALCIUM CONTENT AT THE 18  PERCENT PROTEIN LEVEL.  W lT H -  
IN PYRIDOXINE LEVEL CALCIUM DECRE A8ED WHEN PROTEIN WAS INCREASED.
T h e r e  wa s  a s i g n i f i c a n t  p e r i o d  e f f e c t  b u t  no t r e n d .
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E v a l u a t i o n  q l  D i g e s t i b i l i t y  D a t a
D i g e s t i e i l i t y  of  p r o t e i n ,  f a t  and  c / l c i u u  was c a l c u l a t e d  
AND THE RESULTS APPEAR IN T aBLES XXX l i t ,  XXXIV, AND XXXV, RESPECTIVELY 
of  the  Ap p e n d i x . T h e s e  v a l u e s  r e p r e s e n t  a p p a r e n t  r a t h e r  t h a n  true
D I G E S T I B I L I T Y  SINCE THE URINE AND FECES WERE NOT SEPARATED. Th ERE 
WAS A P O S S IB I L I T Y  OF SOME NITROGEN LOSS DURING THE COLLECTION PERIOD 
SINCE NO PRESERVATIVE WAS USED IN THE COLLECTION PANS.
In T a b l e  XXXII I t h e r e  was a s i g n i f i c a n t  r a t i o n  e f f e c t  
i n f l u e n c i n g  p r o t e i n  d i g e s t i o n .  These  v a l u e s  ape s u b j e c t  t o  c o n s i d e r ­
a b l e  ERROR SINCE THE EXCRETA CONTAINED NOT ONLY METABOLIC NITROGEN 
BUT ALSO URINARY NITROGEN, AtSO NO PREfeEHV AI IVE WAS USED IN THE 
COLLECTIONS AND THIS / 1GHT PERMIT LOSSES OF AMMONIA. The DATA ARE 
PRESENTED BUT L IT TLE  CONFIDENCE IS HELD FOR THEIR V A L I D I T Y .  T h IS  
COMPARISON (1556 VERSUS 18%) IS SHOWN IN T a b l e  XVI I .
T a b l e  X V I I
The E f f e c t  o f  P r o t e i n  L e v e l  o n  P r o t e i n  
D i g e s t  1b i l i t y
P r o t e i n  L e v e l s  15% 18%
Pr o t e i n  D i g e s t i b i l i t y  4 5 .8 %  5 5 . 6 % * *
T he e i g h t e e n  p e r c e n t  p r o t  i n  r a t i o n s  r e s u l t e d  i n  g r e a t e r  a p p a r e n t
PROTEIN RETENTION THAN WAS THE CASE WITH THE 15 PERCENT PROTEIN
RATIONS. T h i s  was t r u e  e v e n  though  the  p r o t e i n  i n t a k e  was g r e a t e r
ON THE HIGHER PROTEIN RATION.
T h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  i n  p r o t e i n  d i g e s t i b i -
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M T V  DUE TO ENERGY WHEN RATICN8 CONTAINING 800  CaLORIES OF ENERGY 
WERE COMPARED WITH THOSE CONTAINING 1 0 0 0  CaLORIES.  THIS COMPARISON 
18 PRESENTED IN T aBLE X V I I I .
T a b l e  X V I I I
T he Ef f e c t s  of  Ener gy  on  P r o t e i n  D i g e s t i b i l i t y
E n er g y  L e v e l s  8 0 0  C a l o r i e s  100 0  Ca l o r i e s
P r o t e i n  D i g e s t i b i l i t y  4 8 . 2 $  5 3 . 2 $
P r o t e i n  was  more  d i g e s t i b l e  i n  r a t i o n s  c o n t a i n i n g  100 0  Ca l o r i e s  of 
ENERGY THAN IN THE RATION8 CONTAINING 8 0 0  C aLORIES.  I n VIEW OF THE 
f a c t  t h a t  d a i l y  p r o t e i n  i n t a k e  was 2 1 . 5  grams  on th e  8 0 0  Ca l o r i e  
r a t i o n s  and  1 8 . 5  grams  on  t h e  1 0 0 0  C a l o r i e  r a t i o n s ,  i t  a p p e a r s
THAT THIS WORK SUBSTANTIATES THE WORK DONE BY H l L L ,  £ 1  A^ .  ( 1 9 5 5 )
IN WHICH ADDED ENERGY IN THE FORM OF FAT ENHANCED THE USE OF PROTEIN.
P r o t e i n  d i g e s t i b i l i t y  was s i g n i f i c a n t l y  i n f l u e n c e d  by  th e
INTERACTION OF PROTEIN AND CALCIUM. TABLE XIX SHOWS THIS RELATIONSHIP.
T a b l e  XIX
T he  I n t e r r e l a t i o n s h i p  of  P h o t e i n  and  C a l c i u m  
on  P r o t e i n  D i g e s t i b i l i t y
P r o t e i n  Co n t e n t  Ca l c i u m  Co n t e n t
2 . 5 $  3 . 0 $
15 $  4 2 . 8 $  4 -8 .8 $
1 8 $  5 7 . 3 $  5 3 . 9 $
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THREE PERCENT CALCIUM INCREASED D I G E S T I B I L I T Y  OF PROTEIN IN RATIONS 
CONTAINING 15 PERCENT PROTEIN,  WHEREAS, IN RAT 10N8 CONTAINING 18 
PERCENT PROTEIN D I G E S T I B I L I T Y  OF PROTEIN WAS HIGHER IN RATIONS 
CONTAINING 2 , 5  PERCENT CALCIUM. V l T H I N  CALCIUM LEVELS THE PROTEIN 
IN THE 18  PERCENT PROTEIN RATIONS WAS MORE DIGESTIBLE THAN THE 15 
PERCENT PROTEIN RATIONS.
T h er e  was a h i g h l y  s i g n i f i c a n t  p e r i o d  e f f e c t  on  p r o t e i n  
d i g e s t i b i l i t y .  D i g e s t i b i l i t y  of p r o t e i n  d e c l i n e d  g r a d u a l l y  u n t i l
THE LA8T PERIOD (JUNE AND JULY)  WHEN IT INCREASED RATHER SHARPLY.
Lil MU14LL2M*
T a b l e  XXXIV of  the  Ap p e n d i x  c o n t a i n s  d a t a  r e l a t i v e  to f a t
D I G E S T I B I L I T Y .  THESE VALUES REPRESENTING FAT CONTENT OF FECES ARE 
TOTAL F AT ,  I . E . ,  ( 1 )  THAT WHICH WAS EXTRACTED IN THE USUAL MANNER 
IN D I -E T H Y L  ETHER PLUS { 2 }  THAT WHICH WAS EXTRACTED AFTER DIGESTING 
THE SAMPLES IN A MIXTURE OF GLACIAL ACETIC ACID IN DI-ETHYL ETHER.
T h er e  was a d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  e n e r g y  c o n t e n t  of  the
DIET AND THE AMOUNT OF FATTY ACIDS EXTRACTED IN THE SECOND FRACTION
m e n t i o n e d  a b o v e .  I n r a t i o n s  c o n t a i n i n g  8 0 0  C a l o r i e s  o f  e n e r g y  p e r  
POUND, THE AMOUNT OF FAY EXTRACTED IN THE SECOND FRACTION WAS 0 . 6 9  
PERCENT; AND IN RATIONS CONTAINING 1 0 0 0  CaLOHIES OF ENERGY THE FAT 
OF THE SECOND FRACTION WAS 1 . 2 ^  PERCENT. THIS STRONGLY SUGGESTS 
THE FORMATION OF ETHER INSOLUBLE COMPOUNDS IN THE IN TESTINE,
PROBABLY S0AP8 ,  WHICH RENDERS A PART OF THE FAT UNAVAILABLE TO THE 
USUAL ETHER EXTRACTION. T H IS  FACT SHOULD BE CONSIDERED IN THE 
FORMULATION OF RATIONS AND ALSO IN THE CALCULATION OF FAT D I G E S T I B I “
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l i t i e s .  R a t i o n s  h a d  a s i g n i f i c a n t  e f f e c t  w h i c h  was made  up  of the
EFFECTS OF PROTEIN AND ENERGY. TABLE XX SHOWS THE PROTEIN EFFECT 
ON FAT DIGEST I B I L I T Y .
T a b l e  XX
The E f f e c t  of  P r o t e i n  on  F a t  D i g e s t i b i l i t y
P r o t e i n  L e v e l  15$  1 8 $
F at  D i g e s t i b i l i t y  6 3 . 2 $  7 1 . 3 $ *
F a t  was s i g n i f i c a n t l y  m ore  d i g e s t i b l e  i n  r a t i o n s  c o n t a i n i n g  18  p e r ­
c e n t  PROTEIN THAN THOSE CONTAINING 15 PERCENT PROTEIN.
T he ENERGY EFFECT WAS HIGHLY S IGNIF ICANT AS IS SHOWN IN
T a b l e  XXI.
T a b l e  XXI 
En e r g y  Ef f e c t  on  F at D i g e s t i b i l i t y
E n er gy  L e v e l  8 0 0  C a l o r i e s  1 0 0 0  C a l o r i e s
F at  D i g e s t i b i l i t y  5 4 . 0 $  8 0 . 7 $ * *
D i g e s t i b i l i t y  i m p r o v e d  g r e a t l y  i n  r a t i o n s  c o n t a i n i n g  1 0 0 0  c a l o r i e s  
of  p r o d u c t i v e  e n e r g y  p e r  POUND WHICH WAS v e r y  l i k e l y  due  to  the  
h i g h  D I G E S T I B I L I T Y  OF THE ADDED FAT.
I n Th 18 INSTANCE a l s o  p e r i o d  was  s i g n i f i c a n t  b u t  no 
DEFIN IT E  TREND WAS ESTABLISHED.
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S A k fc lP * *
T he  t e r m  " d i g e s t i b i l i t y "  va s  u s e d  i n  d i s c u s s i n g  c a l c i u m
U T I L IZ A T I O N  REALIZ ING THAT PROBABLY A V A IL A B IL IT Y  OR RETENTION WOULD 
BE MORE DESCRIPTIVE,  HOWEVER, " D I G E S T I B I L I T Y *  HAS BEEN USED IN 
DISCUS8ING PROTEIN AND FAT U T I L I Z A T I O N ,  THEREFORE, IN THE INTEREST 
OF CONSISTENCY THE SAME WILL BE APPLIED TO CALCIUM U T I L I Z A T I O N .
Ca l c i u m  d i g e s t i b i l i t y  v a l u e s  w i t h  s t a t i s t i c a l  a n a l y s i s  are p r e ­
s e n t e d  i n  T a b l e  XXXV of the  Ap p e n d i x .  T h e r e  were  s i g n i f i c a n t
RATION EFFECTS WHICH WERE DUE TO PROTEIN,  CALCIUM, AND THE INTER­
ACTION OF ENERGY AND PYRIDOXINE.  THE PROTEIN EFFECT IS  PRESENTED 
IN TABLE XXI I .
T a b l e  XXII
T he Ef f e c t  of P r o t e i n  on  C a l c i u m  
D i g e s t i b i l i t y
Pr o t e i n  L e v e ls  15$ 18$
C a l c i u m  D i g e s t i b i l i t y  4 4 .3 $  4 9 .5 $
When ALL RATIONS CONTAINING 15 PERCENT PROTEIN WERE COMPARED WITH 
THOSE CONTAINING 18 PERCENT PROTEIN IT WAS EVIDENT THAT D I G E S T I B I L I T Y  
OF CALCIUM IMPROVED GREATLY IN RATIONS CONTAINING 18 PERCENT PROTEIN.
T he  EFFECTS OF CALCIUM LEVEL ON CALCIUM D I G E S T I B I L I T Y  IS
shown  i n  T a b l e  XXI11.
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T a b l e  X X II I
T he Ef f e c t  of  Ca l c i u m  L e v e l  on  C a l c i u m  
D i g e s t i b i l i t y
C a l c i u m  L e v e l s  2 . 5 $ 3 . 0 $
C a l c i u m  D i g e s t i b i l i t y  4 9 . 7 $ 4 3 . 8 $
I t i s  e v i d e n t  f o r m  t h i s  c o m p a r i s o n  t h a t  a g r e a t e r p e r c e n t a g e  of  t h e
CALCIUM WAS RETAINED AT THE 2 . 5  PERCENT LEVEL THAN THE 3 . 0  PERCENT
LEVEL,  HONEVER, A GREATER AMOUNT OF CALCIUM SAS RETAINED AT THE 3 . 0
PERCENT LEVEL THAN AT THE 2 , 5  PERCENT LEVEL.
T he  INTERRELATIONSHIP OF ENERGY AND PYRIDOXINE IS PRESENTED
i n  T a b l e  XXIV.
T a b l e  XXIV
T he R e l a t i o n s h i p  of  E ner gy  and  P y r i d o x i n e  
on  C a l c i u m  D i g e s t i b i l i t y
P y r i d o x i n e  L e v e l  En e r g y  L e v e l
80 0  C a l . 1 0 0 0  C a l .
0  added 4 2 . 5$  
6  g r a m s  5 0 . 3 $
4 8 . 7 $
4 5 . 7 $
D i g e s t i b i l i t y  of  c a l c i u m  s a s  i m p r o v e d  i n  d i e t s  c o n t a i n i n g  
8 0 0  Ca l o r i e s  of  e n e r g y  when  p y r i d o x i n e  was  ad de d  but  i n  d i e t s  con­
t a i n i n g  1 0 0 0  Ca l o r i e s  of  en er g y  d i g e s t i b i l i t y  of  c a l c i u m  s a s  d e c r e a s e d  
s i t h  ad d e d  p y r i d o x i n e .
T he p e r i o d  e f f e c t  s a s  h i g h l y  s i g n i f i c a n t  but  t h e r e  s a s  
no c o n s i s t e n t  t r e n d .
GENERAL SUWARY
A FOUR FACTOR FACTORIAL EXPERIMENT NAS CONDUCTED TO STUDY 
THE RELATIONSHIP OF PROTEIN,  ENERGY, CALCIUM AND PYRIDOXINE.  CRITERIA  
FOR THE EVALUATION OF THESE VARIABLES SERE, EGG PRODUCTION, EGG WEIGHT, 
SPECIF IC  GRAVITY OF EGGS, FEED EFF IC IE NCY,  CARCASS COMPOSITION AND 
D I G E S T I B I L I T Y  OF PROTEIN,  FAT AND CALCIUM. FOUR HUNDRED EIGHTY,
i n d i v i d u a l l y  f e d  S h i t e  L egho rn  h e n s  se r e  i n v o l v e d  i n  t h i s  s t u d y .
Two LEVELS OF PROTEIN SERE TESTED IN THE STUDY. RATIONS 
CONTAINING 18  PERCENT PROTEIN SERE S IGNIF ICANTLY  BETTER FOR EGG PRO­
DUCT I ON THAN SERE RATIONS CONTAINING 15 PERCENT PROTEIN.  APPARENT 
D I G E S T I B I L I T Y  SAS HIGHER IN 18  PERCENT PROTEIN DIETS THAN IN THE 15 
PERCENT PROTEIN DIETS WHICH RESULTED IN 6 . 9  PERCENT PROTEIN FROM 
THE 15 PERCENT DIETS BEING RETAINED AND 1 0 .1  PERCENT PROTEIN FROM 
THE 18  PERCENT DIETS BEING RETAINED. THE 15 PERCENT LEVEL OF PROTEIN 
D ID  NOT SUPPORT MAXIMUM PRODUCTION BUT THIS 8EEMED TO BE A MARGINAL 
CONDITION SINCE THERE SAS NO SIGNIF ICANT DIFFERENCE IN CARCASS 
PROTEIN.  IF TRUE, THIS MIGHT RESULT IN A HIGHER PERCENTAGE OF 
URINARY NITROGEN SHICH WOULD RESULT IN LOSER APPARENT D I G E S T I B I L I T Y .
In  a d d i t i o n  t h e r e  were s e v e r a l  o t h e r  f a c t o r s  a f f e c t i n g  t h e  p r o t e i n
RE8P0NSE IN EGG PRODUCTION. TME8E WERE THE RELATIONSHIP OF PROTEIN 
AND PYRIDOXINE AND PROTEIN AND CALCIUM.
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T h e  l e v e l  o r  e n e r g y  d i d  n o t  A r r E c i  egg  p r o d u c t i o n .  T h i s  
CONFIRMS THE RESULT o f  L i l l i e ,  £T a j, .  (1 9 5 2 ) ,  S i n g s e n ,  £ 1  (1 9 5 2 ) ,
G e r r y ,  (1 9 5 4 ) and o t h e r s .  H o w e v e r ,  t h e  h i g h  l e v e l  o f  e n e r g y  r e s u l t e d
IN AN INCREASE IN EGG WEIGHT AND ALSO IN EGG SHELL QUALITY AS MEASURED 
BY SPECIF IC  GRAVITY.  ThE MOST PROFOUND EFFECT OF INCREASING THE 
ENERGY LEVEL FROM 800 TO 1000 Cm.ORIES "A S  A REDUCTION OF 1 3 *0  PER­
CENT IN DAILY  FELD CONSUMPTION AND A REDUCTION OF 1 2 .9  PERCENT IN 
FEED C0N8UMCD PER EGG PRODUCED. I t  IS INTERESTING TO NOTE THAT EVEN 
THOUGH THERE WAS A REDUCTION IN DAILY FEED INTAKE OF 1 3 .0  PERCENT 
ON THE 1000 CtLORIE  DIETS AS COMPARED TO THE 800 CALORIE D IE T S ,  THERE 
WA8 ACTUALLY AN INCREASE IN CALORIC INTAKE PER DAY OF 8 .0  PERCENT
on  t h e  1 0 0 0  C a l o r i e  d e i t s .  The same t r e n d  was n o t e d  i n  c o n n e c t i o n  
w i t h  t h e  C a l o r i e s  consum ed p e r  egg p r o d u c e d ,  i . e . ,  t h e r e  was a 1 2 .5  
PERCENT INCREASE IN Ca lO RIES PER EGG ON DIETS CONTAINING 1000  CALORIES 
OF ENERGY AS COMPARED TO THE 800 CalORIE  DIETS BUT A DECREASE OF 
1 2 .9  PERCENT IN FEED CONSUMED PER EGG PRODUCED WHEN GOING FROM 800
C a l o r i e s  to  1 0 0 0  C a l o r i e s  p e r  po u n d  o f  e n e r g y .  T he  r a t i o n s  c o n t a i n i n g
The  HIGHER FAT LEVELS HAD A SIGNIFICANTLY HIGHER FAT D I G E S T I B I L I T Y
w h i c h  was r e f l e c t e d  i n  t h e  f a t  c o n t e n t  of  the  c a r c a s s . The p r o t e i n
CONTENT OF THE RATION AFFECTED FAT D I G E S T I B I L I T Y .  T h E PROTEIN CONTENT 
OF THE CARCASS WAS INFLUENCED BY THE ENERGY CONTENT OF THE RATION.
I t WAS SURPRISING TO NOTICE THE REDUCTION IN EGG PRODUCTION 
IN THE 3 * 0  PERCENT CALCIUM RATIONS AS COMPARED TO THE 2 . 5  PERCENT 
CALCIUM RAT I DNS. CALCIUM AT THE 3 . 0  LEVEL ALSO S IGNIF ICANTLY  IMPROVED 
SPECIF IC  GRAVITY OF EGGS. IT IS POSSIBLE THAT CALCIUM IS HAVING ITS  
EFFECT IN ITS RELATIONSHIP TO OTHER NUTRIENTS IN THIS STUDY. CALCIUM
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WAS RELATED TO THE PROTEIN CONTENT OF THE RATIONS AND TO THE ENERGY 
CONTENT OF THE RATIONS IN AFFECTING EGG PRODUCTION, C a l CIUM WAS 
ALSO RELATED TO PROTEIN IN AFFECTING PROTEIN D IG E S T IB IL IT Y ,
T he a d d i t i o n  of  p y r i d o x i n e  to  t h e  r a t i o n s  r e s u l t e d  i n  a
SIG N IF IC AN T REDUCTION IN E jG PRODUCTION, T h )S REDUCTION OCCURRED 
ON THE LOWER PROTEIN LEVEL WITH NO APPARENT EFFECT ON PRODUCTION ON 
THE HIGHER PROTEIN RATIONS, Eg & WEIGHT WAS 3 1GNIFICANTLY INCREASED 
ON DIETS CONTAINING ADDED P Y R IO X IN E . PvRIDOXINE FUNCTIONED IN CON- 
<li NCTI ON WITH OTHER NUTRIENTS AS D ID  CALCIUM. ONE OF THESE WAS THE 
RELATED EFFECT OF PROTEIN AND PYRIDOXINE ON EGG PRODUCTION. W|TH 
RATIONS CONTAINING ADDED PYRIDOXINE PRODUCTION WAS CONSIDERABLY 
HIGHER ON THE 18 PERCENT PROTEIN DIETS THAN ON THE 15 PERCENT PROTEIN
D IE T S ,  T h i s  im p r o v e d  p r o d u c t io n  was  e s s e n t i a l l y  t h e  sa m e  as t h a t
OBTAINED on  THE RATIONS CONTAINING THE TWO PROTEIN LEVELS AND NO ADDED 
PYRIDOXINE, IT WOULD APPEAR THAT ADDITIONAL PYRIDOXINE ANTAGONIZES 
A MARGINAL PROTEIN CONDITION AND CARE SHOULD BE TAKEN TO ASSURE 
ADEQUATE PROTEIN INTAKE IF PYRIDOXINE IS ADDED TO SUCH RATIONS, OTHER 
RELATIONSHIPS WERE THE INTERRELATED EFFECT OF PYRIDOXINE AND ENERGY 
ON EGG WEIGHT, AND THAT OF PYRIDOXINE AND PROTEIN ON CARCASS CALCIUM,
CONCLUSIONS
Wi t h i n  t h e  l i m i t s  o r  t h i s  s t u d y  t h e  f o l l o w in g  c o n c l u s i o n s
MAY BE DRAWN.
1 .  Hen s  p r o d u c e d  s i g n i f i c a n t l y  s e t t e r  o n  d i e t s  c o n t a i n i n g  18
PERCENT PROTEIN THAN ON DIETS CONTAINING 15 PERCENT PROTEIN.
T h i s  was due  i n  p a r t  i f  n o t  e n t i r e l y  t o  t h e  i n t e r r e l a t i o n ­
s h i p s  o r  PROTEIN WITH CALCIUM AND PROTEIN WITH PYRIDOXINE.
I n BOTH CASES THE HIGHER LEVELS OF PYRIDOXINE AND CALCIUM 
RESULTED IN A DEPRESSION OF EGG PRODUCTION ON THE 15 PER­
CENT PROTEIN RATIONS. Th IS  EFFECT WAS NOT OBSERVED ON 
THE 18 PERCENT PROTEIN RATIONS.
2 .  C a r c a s s  p r o t e i n  c o n t e n t  was not  AFfECTED by  p r o t e i n  l e v e l .
3 .  E n e rg y  l e v e l  d i d  n o t  a f f e c t  p r o d u c t i o n  r a t e  b u t  p r o d u c t i o n  
a t  th e  1 0 0 0  C a l o r i e  l e v e l  was s i g n i f i c a n t l y  m ore  e c o n o m ic a l  
t h a n  a t  th e  800  C a l o r i e  l e v e l .  T h i s  im p ro v e m e n t  was due
TO A REDUCTION IN FEED INTAKE OF 13 PERCENT WITHOUT ANY 
EFFECT ON PRODUCTION RATE.
A .  T h e  h i g h  l e v e l  o r  e n e r g y  r e s u l t e d  i n  h e a v i e r  egg s  and  eg g s
OF BETTER SHELL QUALITY. EGG WEIGHT WAS INFLUENCED BY 
SEVERAL NUTRIENT INTERACTIONS. THLSE WERE PYRIDOXINE WITH 
ENERGY, CALCIUM WITH PYRIDOXINE, PROTEIN WITH CALCIUM AND 
PROTEIN WITH PYRIDOXINE.
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5 .  Egg s h e l l  q u a l i t y  was  s i g n i f i c a n t l y  i n f l u e n c e d  by  a
CALCIUM WITH ENERGY INTERRELATIONSHIP.
6 . IT IS APPARENT FROM THIS STUDY THAT THE RESPONSE TO A 
NUTRIENT IS DEPENDENT ON THE AMOUNT OF OTHER NUTRIENTS 
WITH WHICH IT  IS RELATED THAT ARE PRESENT. TH IS  FACTOR 
MUST BE CONS IDERED IN STUDYING THE NUTRITIONAL REQUIRE­
MENTS OF LAYING HENS.
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1956
T he Ef f e c t s  of D ie t a r y  Pr o t e in  L e v e l  on Egg Pr o d u c t io n ,
Egg S i z e ,  Egg Qu a l it y  and F eed  Ef f ic ie n c y  
Po u ltr y  Sc ie n c e  35* 1177 .
T i t u s ,  H. W., T. C. B y e r ly ,  N. R. E l l i s  and R. B. N e s t le r ,  1937 
E f f e c t  o f  C a lc iu m  and P h o sp h o ru s  C o n te n t o f  th e  D ie t  o f  
C h ic k e n s  on Egg P ro d u c t io n  and H a t c h a b i l i t y  
P o u l t r y  S c ie n c e  16 : 1 1 8 -1 2 8 .
T i t u s ,  H. W., 1955
The S c i e n t i f i c  F e e d i n g  o f  C h ic k e n s  
The I n t e r s t a t e ,  2nd E d i t io n
Wi e s e , A. C ., C. F. P e t e r s o n  and  G. J . An d e h s o n ,  1957
I n f l u e n c e  of E n er g y  and  V i t a m i n  Su p p l e m e n t a t i o n  on  Egg P ro ­
d u c t i o n  and  Sh e l l  Qu a l i t y
P o u ltp y  S c ie n c e  3 6 : 1168.
W i l c o x , J . S .,  1934
The N it r o g e n  B a la n ce  o f  L a y i n g  Hens 
J o u r n a l o f  A g r i c u l t u r a l  S c ie n c e  24 * 636- 648 .
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Table XXV
Me a n  Eg g  P r o d u c t i o n  D a t a  ( P e r c e n t )  « i t h  An a l y s i s  o r  V a r i a n c e
4 5 -day ________________________________________ Pat ian
Pericd 1 3 .3 4 5 6 7 $ 9 .  1.0. 11 12 13 U 15 16 Aye.
1 81.5 78.4 81.2 79.6 82.0 79.8 79.5 78.2 81.8 81.8 82.6 81.3 81.2 80.9 80.6 83.7 80.9
2 79.6 76.0 78.4 74.9 78.7 77.0 74.9 76.2 77.9 81.1 80.1 77.8 76.8 74.7 80.6 78.7 77.7
3 86.6 69.9 73.8 69.0 76.3 68.6 70.1 70.7 74.5 75.0 73.0 73.1 75.7 73.0 71.1 73.9 73.8
4 74.5 66.3 60.8 60.1 72.9 67.3 69.2 67.9 67.2 73.0 69.6 71.2 68.3 64.3 72.7 66.2 68.2
5 68.1 61.7 60.3 30.5 66.1 61.8 57.6 50.9 64.4 71.1 64.0 68.0 65.3 69.7 68.0 65.1 62.1
6 60.3 64.9 53.3 44.1 60.6 54.4 45.4 32.1 44*4 58.4 54.7 49.2 57.2 55.5 64.6 53.6 53.2
Ave. .15.1 _69 ,5 6 7 .2 59.7 72,7 68.1 66.1 63 .6 6 8 .2 79.6. 79.1 79 .7 69.6 7 2 .9 79.?
.SgURCS, DF
To t a l
R a t io n
95
15
1 1 ,6 7 9 .2
8 ,5 0 8 .1 5 6 7 .2 2 3 . 8 * *
P r o t e in 1 2 4 5 .8 2 4 5 .8 1 0 . 3 * *
Energy 1 .1 6 .1 6 0
Ca l c iu m 1 2 8 1 .5 2 8 1 .5 1 1 . 8 * *
06 1 1 69 .1 169 .1 7 . 1 * *
Pr o t e in  x Energy 1 4 .9 5 4 . 9 5 0 . 2
Pr o t e i n  x C a l c iu m 1 3 5 5 .7 3 5 5 .7 1 4 . 9 * *
P r o t e i n  x 1 1 9 0 .9 1 9 0 .9 8 . 0
En ergy  x C a l c iu m 1 2 7 .3 2 7 .3 1 . 2
Energy  x f k  
Ca l c iu m  x
1 2 .3 4 2 .3 4 0 .1
1 2 9 . 0 2 9 . 0 1 . 2
P e r io d 5 1 ,3 8 9 .1 2 7 7 .8 1 1 . 7 * *
I n t e r a c t io n 75 1 , 7 8 2 . 0 2 3 . 8
T a b l e  XXVI
Me a n  Eg g  I e i g h t  D a t a  (Gr a m s )  w i t h  An a l y s i s  o r  V a r i a n c e
4 5 - day Ra t io n
Pe r io d 1 ? 3 4 — 5 6 7 8 9 10 11 12 13 H 15 16 Ave .
1 5 8 .3 5 8 .6 5 7 .C 6 0 .3 6 0 .5 6 0 .9 6 0 .4 5 9 .5 5 6 .9 5 8 .6 5 6 .9 6 0 .3 5 9 .8 6 l . 1 6 0 .8 5 9 .8 5 9 .4
2 5 7 .4 5 7 .2 5 6 .4 5 8 .8 5 8 .4 5 8 .8 5 8 .8 5 8 .6 5 4 .8 5 7 .3 5 5 .8 5 9 .4 59.1 5 9 .5 5 8 .8 58.1 5 7 .9
3 5 8 .2 5 7 .7 5 7 .3 5 9 .7 5 9 .8 6 0 .3 5 9 .4 5 9 .3 5 7 .3 5 9 .2 5 6 .4 6 0 .8 60.1 6 0 .8 6 0 .9 5 9 .0 59.1
4 59.1 5 8 .9 5 7 .9 6 0 .9 6 1 .0 6 2 .3 6 1 .3 5 9 .9 5 7 .8 5 9 .6 5 7 .8 6 0 .7 6 0 .2 6 2 .0 6 1 .6 6 0 .8 60 .1
5 5 9 .5 6 0 .3 5 7 .8 6 1 .2 6 1 .7 6 2 .9 6 2 .1 6 1 .3 5 8 .2 5 9 .0 58 .5 6 1 .6 6 1 .3 6 2 .5 6 2 .8 6 1 .5 6 0 .7
6 5 7 .6 5 9 .0 5 5 .9 61 .1 61.6 6 0 .3 6 0 .6 5 8 .4 5 6 .6 5 8 .0 5 6 .2 59.1 5 8 .7 6 0 .7 60 .1 5 9 .7 5 8 .9
Ai l .__ 5 0 .6 5 7 .C 6 0 .3 6 0 .5 . # . 9 69.4 59.5 5 6 .9 59.6 5 6 ,9 & m2 L 59.? 6.1.1 6P.9 59.fi,
S ource J L . - 3 S -
To t a l 79 253.1 3 .2 0
R a t io n 15 1 7 9 .9 1 0 .5 2 3 1 .8 * *
Pr o t e IN 1 0 .51 0 .51 1 .5 4
Energy 1 7 8 .0 7 8 .0 2 3 6 .3 6 * *
C a l c iu m 1 0 .0 3 0 .0 3 0 .0 9
Be 1 2 1 .4 2 1 .4 64. 84* *
Pr o t e i n  x Energy 1 1 .0 6 1 .0 6 3 .21
Pr o t e i n  x C a l c iu m 1 1 .8 6 1 .8 6 5 .6 3 *
P r o t e in  x 1 1 .5 7 1 .5 7 4 .7 5 *
Energy  x C a l c iu m 1 4 .8 0 4 .8 0 1 4 .5 4 * *
En er g y  x 1 2 4 .8 6 24.86 7 5 .3 * *
C a l c iu m  x Be 1 0 .3 9 0 .3 9 1 .1 8
Pe r i o d 4 7 5 .4 7 5 .4 2 2 8 .4 8 * *
I n t e r a c t io n 60 1 9 .8 0 .3 3
Table XXV(I
Me a n  S p e c i f i c  Gr a v i t y  o r  Eg o s  w i t h  An a l y s i s  o r  V a r i a n c e *
4 5 - d a y  R a t i o n
P«I°P 1 2 * j S t 1 8 * 10 11 . 1i .13 11 1? j? ,AH.
1 870 858 878 868 888 809 921 873
2 880 891 870 880 890 868 895 884
3 838 856 710 791 835 819 890 848
4 729 781 763 758 802 796 814 804
5 801 785 803 795 831 816 838 828
6 632 647 548 609 664 656 615 645
896 879 870 868 862 865 915 919 877
905 893 888 872 888 938 891 931 892
870 867 847 855 831 851 861 882 841
812 808 796 813 760 787 803 839 792
864 829 841 343 812 808 83 8 871 825
67 8 671 647 650 655 684 684 710 650
A»e .  792 803 762 783 818 7 ^  829 813 83g 825 815 817 801 822 832 859
*  I n  a l l  c a s e s  v a l u e s  were p r e c e e d e d  by 1 .0 ,  i . e . ,  1 .0 8 7 0 , 1 .0 8 5 8 , e t c .
. SsflWtf*. D f -£ § _ F
T c t a l 95 698,669 7 ,3 5 4 .4
R at io n 15 4 8 ,2 6 7 3 ,2 1 7 .8 6 .5 8 * *
Pr o t e in 1 1 ,0 5 5 .4 1 ,0 5 5 .4 2 .1 5
Energy 1 6 ,8 5 1 .3 6 ,8 5 1 .3 1 4 .0 * *
C a l c iu m 1 2 ,5 7 7 .5 2 ,5 7 7 .5 5 .2 7 *
86 1 3 3 3 .8 3 3 3 .8 .6 8
Pr o t e i n  x Energy 1 9 ,8 6 6 .5 9 ,8 6 6 .5 2 .0 2
Pr o t e i n  x C a l c iu m 1 1 ,1 7 9 .4 1 ,1 7 9 .4 2 .41
Pr o t e i n  x 1 4 9 7 .7 4 9 7 .7 1 .0 2
En er g y  x Ca l c iu m 1 1 1 ,7 2 6 .3 1 1 ,7 2 6 .3 2 3 .9 9 * *
En er g y  x Bfc 1 7 2 .7 7 2 .7 .15
C a l c iu m  x 1 6 1 4 .4 6 1 4 .4 1 .2 6
Pe r i o d 5 613,751 1 2 2 ,7 5 0 .2 2 5 1 .1 7 **
I n t e r a c t io n 75 36,651 4 8 8 .7
T a b le  XXVII I
F e e d  I n t a k e  ( G r a m s  p e r  H e n  p e r  D a y ) s i t m  An a l y s i s  o r  V a r i a n c e
4 5 - d a y  _____________________________________________________________________ f t m o n
Pep io d 1 2 3 L 5 6 7 8 9 10 11 18 13 . U - 1 6 . -
1 142 135 135 137 134 128 129 125 142 143 137 140 121 124 121 128 133
2 144 133 131 138 125 124 134 120 156 146 139 146 112 126 120 131 133
3 138 123 130 136 118 111 112 108 143 136 139 138 105 117 112 119 124
4 130 124 120 126 116 112 115 106 136 134 132 128 110 117 110 114 121
« 142 113 121 102 118 107 112 108 133 135 135 133 107 115 112 123 120
6 108 110 102 90 95 83 89 71 107 109 111 104 81 80 86 106 96
Ay e *____ J 3 L . W 123. 122 118 111 . m . 106 136 . U L - 132 132 1 9 6 . 1 1 2 3 1 0  . 120
Squrc£_ DF SS J 5 _ F
To t a l 95 40,074
R a t io n 15 9,453 630 2.97**
P r o t e  IN 1 372 372 1.75
Energy 1 6,919 6,919 32.60**
C a l c iu m 1 78 78 0.36
% 1 75 75 0.35
Pr o t e i n x Energy 1 396 396 1.87
Pr o t e i n x C a l c iu m 1 219 219 1.03
P r o t e in x Bfc 1 677 677 3.19
Energy  x C a l c i u m 1 196 196 0.92
Energy  x 86 1 111 111 0.52
C a l c iu m x 96 1 53 53 0.25
P e r io d 5 14,749 2,950 13.92**
I n t e r a c t ION 75 15,872 212
T able XXIX
F e e d  E f f i c i e n c y  (G r a m s  p e r  Eg g  P r o d u c e d )  » i t h  An a l y s i s  or V a r i a n c e
4 5 - day
Pebiq d 1 ? 3 4 5 6 7 8 9 10 11 12 13 .14 15 16 A vt.
1 250 2 3 0 231 248 199 223 249 208 240 240 235 247 192 217 213 322 234
2 253 245 240 259 193 235 259 208 264 253 254 268 187 213 205 236 236
3 306 228 246 275 214 234 234 199 261 250 277 258 190 220 200 221 238
4 248 244 322 328 220 235 239 200 2 64 287 312 243 221 229 206 236 252
5 308 237 282 381 318 233 260 240 276 272 251 261 232 214 251 270 268
6 287 222 256 255 270 2 6 6 247 246 338 266 332 299 180 193 205 253 257
Ave. 275 334 .. 362- . . m . . 326 238 248 217 274 261 277 263 200 313 25$
-St- SS US ± -
T o t a l 95 1 3 2 ,0 4 6
R a t i o n 15 6 4 ,7 8 9 4 ,3 1 9 6 . 1 9 * *
P r o t e i n 1 683 683 .9 6
Energy 1 3 7 ,3 6 7 3 7 ,3 6 7 5 3 . 6 * *
C a l c  ium 1 1 3 ,5 8 5 1 3 ,5 8 5 1 9 . 4 9 * *
§6 1 267 267 .3 8
P r o t e i n x E n e r g y 1 1 ,5 8 4 1 ,5 8 4 2 .2 7
P r o t e i n x C a l c i u m 1 210 210 .3 0
P r o t e i n x Bfc 1 1 ,9 6 2 1 ,9 6 2 2 .8 1
E n e r g y  x C a l c iu m 1 4 . 6 4 . 6 .0 0 6
E n e r g y  x
% 1 1 ,7 0 0 1 ,7 0 0 2 .4 3
C a l c i u m 1 1 ,5 0 4 1 ,5 0 4 2.16
P e r i o d 5 1 4 ,9 6 1 2 ,9 9 2 4 . 2 9
I n t e r a c t 1 3N 75 5 2 ,2 9 6 697
T a b l e  XXX
Me a n  C a r c a s s  P r o t e i n  D a t a  ( P e r c e n t ) w i t h  An a l y s i s  o r  V a r i a n c e
&A1U2J1
P e r i o d 1 2 3 4 5 6 7 $ 9 10 11 12 13 14. 15 16 Ay e .
1 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9
2 53 .1 5 2 .0 5 5 .2 5 3 .3 5 3 .4 5 3 .3 5 7 .3 5 4 .4 5 7 .3 5 8 .5 5 3 .7 6 0 . 6 5 4 .7 6 0 .5 4 2 .1 5 3 .0 5 4 .5
3 5 5 .3 4 3 . 3 4 9 .2 4 9 . 9 3 9 .4 4 3 . 4 32 .1 4 7 .1 3 4 . 3 50 .1 4 6 . 3 4 6 . 4 7 0 . 2 4 7 . 8 4 4 . 9 6 2 .1 4 7 . 7
4 4 2 .1 4 1 . 3 4 9 .1 4 1 . 4 3 5 . 9 3 7 .3 3 7 .3 3 8 .5 4 3 . 0 4 7 .3 4 6 .2 4 3 . 4 4 0 .7 3 8 .4 3 6 . 9 3 5 .3 4 0 . 9
5 4 5 .5 5 0 . 9 4 1 . 8 4 9 . 3 3 6 .3 3 9 .1 3 8 .5 3 8 .6 4 5 . 9 4 6 .1 4 5 . 0 4 3 . 6 3 9 .3 3 9 . 8 3 8 . 4 3 9 .9 4 2 .4
6 4 3 . 4 4 6 . 2 5 0 .9 4 4 .1 4 0 .9 3 9 . 6 3 6 .7 3 8 .1 5 0 .5 4 6 . 7 4 5 . 8 4 4 . 5 3 7 . 3 3 7 . 4 4 4 . 6 3 6 .3 4 2 . 7
7 4 9 .1 4 7 . 6 4 5 . 6 4 6 . 8 4 8 .1 3 8 . 7 4 0 . 3 3 5 . 0 3 7 .7 3 6 .1 3 0 .4 3 7 . 3 3 6 . 3 3 7 . 2 3 7 . 4 3 9 . 2 4 0 . 3
A v s . ...... 4 Z .1 . 4 7 . 2 . .4 6 * 6  . 4 2 .S , 4 1 * 7 4 0 .5 ,4 1 .? 4 4 . 3 4 6 .5 4 5 . 5 4 5 . 3  , 4 5 . 7 / J . L 40 ..7
Source DF SS J § _ F
T o t a l 111 5 , 3 5 0 . 6 0 4 8 . 2
R a t io n 15 5 7 1 .2 0 3 8 .1 1 .2 1
Pr o t e i n 1 1 . 1 0 1 .1 0 . 0 0
En ergy 1 3 7 3 .7 0 3 7 3 .7 1 1 . 9 0 * *
C a l c iu m 1 9 . 7 0 9 . 7 .31
86 1 .8 6 . 8 6 0 .0 0
Pr o t e in  x En erg y 1 7 1 . 7 0 7 1 . 7 2 . 2 8
P r o t e in  x Ca l c iu m 1 5 .9 0 5 . 9 .1 9
P r o t e i n  x % 1 6 .2 0 6 . 2 .2 0
En erg y  x C a l c iu m 1 1 9 .7 0 1 9 .7 .6 3
En e r g y  x 9$ 1 .9 0 . 9 0 .0 0
C a l c iu m  x % 1 1 0 .9 0 1 0 .9 .3 5
P e r io d 6 1 ,9 5 2 . 6 0 3 2 5 .4 1 0 . 3 6 * *
P e r i o d  x R a t io n 90 2 , 8 2 6 . 3 0 3 1 . 4
T a b l e  XXXI
Me a n  C a r c a s s  F at  D a t a  ( P e r c e n t  o f  Dr y  V e i s h t )  w i t h  An a l y s i s  o f  V a r i a n c e
Raijqh
Period 1 2 ... _ 3 4^ 5 6 7 8 9 10 11 12 13 14. _ 1? 16 Aye.
1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46.1 46 .1
2 45.1 45.7 4 2 .2 47.4 53.8 54.3 4 8 .2 4 6 .6 42.8 4 1 .2 47.3 43.1 49.1 31.3 46.9 49.4 45.9
3 37.2 46.7 38.2 37.3 48.9 46.9 49.1 4 6 .2 40.5 36 .6 42.6 41.4 48.1 47.8 49.6 45.5 43.9
4 47.1 38.8 44.2 44.7 54.5 49.8 50.5 51.6 38.6 45.6 38.9 45.7 49.4 55.3 53.2 52.2 47.5
5 47.5 34.3 42.5 34.1 57.1 53.8 48.9 56.1 46 .9 53.4 45.0 45.3 54.9 54.3 42.9 55.0 4 8 .2
6 44.6 50.3 32.4 44*6 48.4 52.2 51.0 51.0 34.9 4 0 .2 47.0 34.8 53.4 50.8 47.1 53.3 4 6 .O
7 40.7 42.4 38.6 41.4 56.3 52.4 51.5 52.2 4 6 .4 45.3 47.4 45.2 55.2 52.7 56.2 52.7 48.5
Aye. A3.J5 AQJ? p .;? $2 .2 50.7 49 .1 49.2 .42*3. .44.9- 43.1 50.9 AB.3 49.8 50.6
-§2yRfflL. DF _ s § _ J § -
To t a l 111 3 , 5 1 6 . 6 0 3 1 .6 8
R a t io n 15 1 , 5 4 7 . 1 0 1 0 3 .1 4 5 . 41 * *
Pr o t e 1N 1 . 0 6 .0 6
En ergy 1 1 ,3 7 9 . 0 0 1 , 3 7 9 . 0 0 7 2 . 3 0 * *
C a l c iu m 1 1 8 .7 0 1 8 .7 0 .9 8
B6 1 .1 0 .1 0 0 .0 0
P r o t e i n  x En erg y 1 2 5 .7 0 2 5 .7 0 1 .3 5
Pr o t e i n  x C a l c iu m 1 4 7 . 3 0 4 7 . 3 0 2 .4 8
P r o t e in  x 1 .5 7 .5 7 0 . 0 0
Energy  x Ca l c iu m 1 .0 7 .0 7 0 .0 0
Energ y  x 1 3 .3 0 3 .3 0 o.x
C a l c iu m  x 1 1 1 .1 0 1 1 .1 0 .5 8
Pe r i o d 6 2 5 2 .9 0 4 2 .1 5 2 . 2 1 *
P e r i o d  x R a t io n 90 1 , 7 1 6 . 6 1 9 .0 7
T able XXXtl
Ue a n  C a r c a s s  C a l c i u m  w i t h  An a l y s i s  o f  V a r i a n c e
P e r i o b
R a t i o n
Ay e .1 2 3 4 5 4 7 8 9  _ 10 11 12 13 14 15 16
1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1 3 .1
2 2 .5 2 . 2 2 . 9 2 .5 2 . 4 2 .1 2 . 3 2 . 5 2 .5 2 .5 2 . 2 2 .5 2 .3 2 . 4 2 . 5 2 . 2 2 . 4
3 3 .5 2 . 9 3 . 5 3 . 3 3 . 8 2 . 7 3 . 3 2 . 7 3 .1 4 .1 2 . 8 3 .1 3 . 9 2 . 7 3 .5 2 . 7 3 . 2
4 3 . 8 4 . 5 3 . 4 3 . 8 3 . 7 3 . 4 3 . 9 3 . 8 3 * 4 4 . 3 5 .1 4 . 0 3 . 0 3 . 2 3 .1 3 . 4 3 . 7
5 2 . 7 3 . 7 3 . 3 3 . 6 2 . 0 2 .5 2 . 8 2 . 4 2 . 3 1 . 9 2 .5 2 . 7 2 . 0 2 .5 2 . 4 2 . 3 2 . 6
6 2 . 8 2 . 7 5 . 0 3 .1 3 .5 3 . 4 3 . 0 2 . 8 3 .1 3 . 3 3 . 7 4 . 6 2 .5 3 . 0 3 .1 2 .5 3 . 2
7 3 . 9 3 .1 3 . 8 4 . 5 2 . 4 3 .1 3 .1 2 . 6 3 . 7 3 . 5 3 . 8 3 . 3 2 .1 2 . 7 2 . 2 2 . 9 3 .1
Ay £ . , J . 2  . 3 . 6 3 .9 2 . ? 3 J 2 . 9
o< 2 . 2 . 3 . 1 . 3 . 3 2 . 7  - 2 . 9 2 . 9 . 2 . 7  .
foVPQE _ 3 L - 2 L J § - J -
To t a l




7 .1 5 . 4 8 1 . 8 5 *
Pr o t e i n 1 .5 8 .5 8 2 .3 3
Emcrqy 1 5 .0 2 5 .0 2 1 9 . 3 0 * *
C alc  ium 1 .5 3 .5 3 2 .0 4
1 .0 3 .0 3 .1 2
Pr o t e i n  x Emerqy 1 . 0 4 . 0 4 .1 5
Pr o t e i n  x C a l c iu m 1 . 0 2 .0 2 0 . 0 0
Pr o t e i n  x 1 1 . 9 8 1 .9 8 7 . 6 1 * *
Emcrqy x Ca l c iu m 1 .3 5 .3 5 1 .3 5
Enerqy  x f k  
Ca l c iu m  x Sfc
1 .0 7 .0 7 .2 7
1 .21 .21 .81
P e r i o d 6 1 5 .1 5 2 .5 3 9 . 7 3 * *
P e r i o d  x Ra t io n 90 2 3 .1 1 .2 6
T a b l e  X X X I I I
Me a n  P r o t e i n  D i g e s t i b i l i t y  D a t a  ( P e r c e n t ) w i t h  An a l y s i s  o f  V a r i a n c e
P e r i o d
R a t i o n
Ave.1 _ 2 3 4 _ 5 6 7 8 9_ 10 11 12 13 14 15 16
1 33*9 65.5 56.7 69.3 54.1 54.5 64.3 72.6 79.9 72.5 79.7 73.9 71.9 79.5 82.3 68.5 67.4
2 74.7 69.4 71.5 57.5 69.8 65.6 64.3 61.2 75.4 68.1 79.2 72.6 70.2 71.0 55.4 41.5 66.7
3 55.8 48.8 54.0 55.5 66.2 58.3 36.1 36.3 48.2 66.3 33.9 31.4 61.5 64.4 53.2 53.6 51.5
4 17.5 35.7 26.9 18.8 30.6 30.2 30.0 30.5 33.0 24.0 31.4 27.3 58.6 37.7 45.9 55.3 33.3
5 21.6 16.7 13.9 55.4 23.5 24.0 56.8 30.2 38.7 58.4 30.3 41.8 70.8 51.6 55.9 53.0 4 0 .2
6 11.6 14.3 33.8 39.4 32.7 19.2 51.8 28.2 37.4 49.7 4 6 .2 59.4 60.6 31.0 46.3 41.5 37.7
7 52.3 36.2 74.9 33.2 54.8 61.3 71.3 72.4 38.6 60.1 59.3 68.8 64.9 62.2 50.6 72.8 58.4
Aye« . -42*9 . 47.3 47.9 47*3. ..44*1. . 52^.. Z.7.3 50.1 51*4 53.9 56.7 . , 52*6- 1 5 *1 -
So u r c e J£_ -SL J§-
To t a l 111 37,032.4
Ra t i o n 15 4,834.00 322.3 2.17*
P r o t e in 1 2,989.1 2,989.1 20.14**
En e m y 1 853.6 853.6 5.75*
C a l c iu m 1 187.3 187.3 1.26
% 1 48.4 48.4 .33
Pr o t e i n  x En erg y 1 12.4 12.4 .08
P r o t e i n  x C a l c iu m 1 751.9 751.9 5.07*
Pr o t e in  x 1 2.5 2.5 0.00
En er g y  x C a l c iu m 1 169.1 169.1 1.14
En e r g y  x 1 484.7 484.7 3.27
C a l c iu m  x % 1 .28 .28 0.00
P e r i o d 6 18,841.8 3,140.3 21 . 16* *
P e r i o d  x R a t i o n 90 13,356.6 148.4
T a b l e  XXXIV
Me a n  F a t  D i c e s t i b i l i t y  ( P e r c e n t )  b i t h  An a l y s i s  or V a r i a n c e
P e n i o d 2 3 L 5 6 7 9 9 19 11 13 13 J i u - 15 19 Av e . „
1 1 4 .5 1 5 .5 3 4 . 6 5 3 .6 7 0 . 5 7 3 . 4 7 6 . 3 7 3 .0 5 2 .1 6 4 .2 3 8 . 8 6 7 . 0 6 5 . 0 8 1 .1 8 4 .7 7 8 . 3 5 8 . 9
2 6 4 .5 5 3 .3 5 * \ 5 3 3 .9 8 4 .5 8 3 . 2 7 9 .1 8 1 . 6 6 3 . 9 6 6 . 6 7 1 . 6 6 4 . 7 7 8 .1 8 5 .4 7 9 .2 8 3 .8 7 0 . 7
3 6 2 . 0 7 5 . 4 6 6 . 9 6 9 .1 6 4 . 0 8 5 . 4 8 2 .3 7 8 . 9 5 3 . 8 7 2 . 9 58 .1 5 3 . 4 8 6 .9 8 5 . 6 8 3 .2 8 4 .9 7 4 .1
4 2 9 . 9 6 6 . 4 3 3 .1 1 1 .3 8 9 .8 9 5 .3 7 8 .8 7 8 . 9 6 1 .3 5 7 .8 5 3 .3 4 0 . 9 9 1 .1 7 8 .1 8 6 .9 5 5 .4 6 4 .9
5 5 6 . 9 5 7 .3 4 3 . 0 7 . 9 7 5 . 3 7 9 .5 8 6 .6 3 2 .6 7 1 .1 7 8 .8 6 3 .5 5 8 .3 8 4 . 9 8 9 . 2 8 9 .2 9 1 . 4
6 6 . 6
6 3 2 .5 1 5 .2 7 0 . 9 4 7 .5 7 5 . 8 7 1 .2 7 7 .3 7 4 . 6 5 1 .6 6 3 .5 4 0 * 6 7 0 . 7 8 3 . 6 7 0 . 3
8 0 .1 7 6 .3 6 2 . 6
7 7 1 . 7 5 5 .5 7 4 . 0 6 9 .3 8 3 .9 8 2 .5 7 1 . 5 8 9 .1 2 2 . 6 6 2 .1 7 6 . 8 8 3 . 2 6 5 .5
8 2 .1 7 9 . 0 8 3 . 8 7 3 .3
A l l * ________ k l J L 4 8 . 3 . 5 4 - 1 . 4 1 - 8 9 Q - 1 . 2 1 * 2 - 7 2 a& . 7 2 .  , 5 3 .7 f t .  5 57  *5 _ 93 .1 £ U L
9 3 ^ .
So u r ce DF _ 5 § _ J § _ - L .
T o t a l
R a t i o n
111
15
4 3 , 1 0 8 . 7
2 3 , 3 9 6 . 9 1 , 5 5 9 . 9 8 . 4 4 * *
P r o t e in 1 1 , 8 5 0 . 9 1 , 8 5 0 . 9 1 0 . 0 1 * *
Ener gy 1 1 9 ,5 3 3 .4 1 9 , 5 3 3 . 4 1 0 5 . 6 0 * *
C a l c i u u 1 2 3 . 5 2 3 .5 0 .1 3
06 1 0 . 2 0 . 2
0 .0 0
Pr o t e in  x Energy 1 4 2 9 . 4 4 2 9 . 4 2 .3 2
Pr o t e i n  x C a l c i u u 1 6 7 . 7 6 7 . 7 0 .4 0
P r o t e i n  x  B& 1 5 2 3 .3 5 2 3 .3 2 .8 3
Ener gy  x C a l c iu m 1 2 9 .1 2 9 .1 0 . 2 0
En er gy  x 84  
C a l c iu m  x S&
1 5 9 . 0 5 9 . 0 0 . 3 0
1 3 3 9 .2 3 3 9 .2 1 .8 3
P e r i o d 6 3 , 0 7 0 . 0 5 1 1 .7 2 . 7 7
P e r i o d  x R a t i o n 90 1 6 ,6 4 1 . 8 1 8 4 .9
T a b l e  XXXV
Me a n  C a l c i u m  D i s e b t i b i l i t y  ( P e r c e n t )  w i t h  An a l y s i s  or V a r i a n c e
Perid»
Ration
1 3 3 4 5 6 7 8 9 10 11 12 1? H 1? 16 Avc.
1 40.1 40.3 29.1 61.2 48.9 33.5 43.5 47.1 6 2 .4 50.5 25.5 50.1 32.4 58.5 53.5 49.3 45.4
2 15.6 49.1 29.1 14.2 52 .2 54.3 50.7 44.8 66.7 49.0 57.6 52.9 47.7 62.2 38.9 54.1 46.2
3 39.0 51.1 5.5 75.1 54.5 69.4 44.6 44.0 66.3 46.7 38.3 35.1 44.1 58.5 55.9 37.3 47.8
4 26.1 31.5 29.1 4 6 .8 41.4 34.5 40.3 31.6 47.1 29.0 40.3 37.0 67.2 42.5 40.1 4 0 .6 39.1
5 45.2 49.6 27.8 75.1 40.1 34.2 68.4 2 4 .8 59.6 55.5 34.3 49.8 67.3 71.2 60.9 64.4 51.8
6 36.7 25.4 1.6 51.3 41.0 32.1 52.6 4 2 .2 72.6 70.7 37.0 52.5 47.8 8.5 28.0 31.9 39.5
7 78.1 76.2 81.5 65.3 57.3 61.5 43.6 38.8 59.2 56.0 39.1 61 .6 67.8 62.7 33.9 47.3 58.1
Ave . . 4 f l.U .46*1 ,.32*1 ,- 5 ^ 5  .-47*9 .4241 39.9 61.9 51 .9 , 48.4 23.4 . 52,9 .44*4
S a w s t- JOE- J & .
T o t a l 111 2 7 , 522.9
R a t i o n 15 6 , 264 .4 4 1 7 .6 2 . 21*
Pr o t e in 1 8 5 1 .4 8 5 1 .4 4 . 5 2 *
Energy 1 1 9 .6 1 9 .6 .1 0
Ca l c i u m 1 9 7 8 .2 9 7 8 .2 5.19*
% 1 1 65 .1 165 .1 .88
Pr o t e i n  x En erg y 1 9 6 .2 9 6 . 2 .51
Pr o t e i n  x C a l c iu m 1 4 8 3 .9 4 8 3 . 9 2 .5 7
P r o t e i n  x 65 1 1 9 2 .9 1 9 2 .9 1 .0 2
Enerqy  x C a l c iu m 1 2 3 .0 2 3 . 0 .1 2
Ener gy  x BL 
C a l c iu m  x B6
1 8 1 1 .1 8 1 1 .1 4 . 3 0 *
1 5 8 6 .9 5 8 6 .9 3 .1 1
P e r  1c o 6 4 , 3 1 0 . 0 7 1 8 .3 3 . 8 1 * *
Pe r i o d  x R a t i o n 90 1 6 ,9 4 8 .5 1 8 8 .3
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